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tor sky-high quality 
and 
economy! 


@ Dairies owe it to their operation to prove 
the true economy arising from the quality 
in a returnable container. 


For uniformity of quality, for year-in-year- 
out trippage performance, for the durability 
and attractiveness of Applied Color designs 
and sales messages, Duraglas dairy con- 
tainers are unequaled. 


And behind the Duraglas name stands the 
assurance of continued advancement. No- 
where else in the industry are such facilities 
of research, quality control and marketing 
experience combined to serve dairies. 


From half pints to gallon jugs, it will pay 
dairies to let Owens-Illinois supply all their 
container needs. 


Applied Color Labels 


Now that it’s time for dairies to sell again, the 
advertising power of these glass billboards deserves 
special attention. Owens-Illinois has more than 1500 
designs and messages standing ready plus artists 
skilled in adapting dairies’ needs to ACL technique. 


Dairy Containers 
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SARIN 


Fick the one thats made for the job! 


Wyandotte makes the complete line 


One way to speed your daily round of cleaning 
jobs—and cut cleaning costs—is to use cleaners 
suited to your particular needs. 

If you wash milk and cream cans by ma- 
chine, you'll find that Wyandotte Kanwash 
delivers consistently fine results. Kanwash is 
an unusually potent cleaner, effective in hard 
water as well as soft. It leaves cans sparkling, 
without danger to the tin surfaces, and helps 
prevent lime-scale formation in the machine. 

Under difficult equipment-washing condi- 
tions, Wyandotte G.L.X.* penetrates milk fats 
and solids, rinses rapidly without leaving 
streaks. It makes water wetter, produces suds 
but contains no soap. 


Wyandotte S.R.-10, an acid-type cleaner, 
furnishes positive milkstone control for cans 
and other equipment. Periodic use of this 
specialized product insures thorough cleanli- 
ness. It is odorless and easy on the hands. 

No matter what your cleaning problems may 
be, it will pay you to get in touch with your 
nearest Wyandotte Representative. His skill 
and wide experience in the cleaning field may 
prove invaluable to you. 

* Registered trade-mark 
WYANDOTTE CHEMICALS CORPORATION - Wyandotte, Michigan 
SERVICE REPRESENTATIVES IN 88 CITIES 


Wyandotte. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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SURGE The Machine with ~ Builtin TUG & PULL! 


| Teat cups that climb and keep climbing do choke off the flow 
of milk and slow up milking . . . they do harm the delicate 
| tissues at the top of the teat... they do cause some kinds of 
udder trouble. 
i This trouble can be almost wholly avoided if you are there 
to bear down on the claw at the right time and it can be 
lessened by attaching various weights. 
| The Surge has a built-in TUG & PULL that holds the teat 
cups down where they belong so that they don’t climb upward, 
That is one of the big reasons—it is probably the main 
reason—why more thousands of men switched to the Surge 
in 1948 than ever before. That’s why more of them are mak- 
ing the change every day. 

Have you seen a new Surge lately? What has been mighty 
good for more than twenty-five years is even better in 1949. 
Ask your Surge Service Dealer to show you one. 


BABSON BROS. co. 


2843 W. 19th STREET, CHICAGO 23, ELLENOUS 


KANSAS CITY © EL MONTE (Calif.) +> ATLANTA 
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Retempered, retested—ready for precise dairy tests 


Kimble Dairy Glassware 


matches the quality standards of a great industry 


e@ Outstanding quality and “as- 
sured accuracy” have established 
Kimble Glassware as the recog- 
nized standard of the dairy in- 
dustry —for test, analysis and 
control. 

Kimble Dairy Glassware meets 
all Federal and State require- 
ments...passes the most rigid tests 


KIMBLE GLASS To tepo 1, on10 


Division of Owens-Illinois Glass Company 


for accuracy and serviceability. 

Every piece of Kimble tubing 
is produced to close tolerances 
on precision automatic machines. 
Every finished Kimble piece is 
retempered to give it extra tough- 
ness. Calibrated ware is marked 
with fused-in glass...then retested 
before shipment. 


The Kimble Manual on Dairy 
Testing, 3rd Edition, is still avail- 
able. it is an authoritative digest 
of the latest dairy test practice. 
We'll be glad to send you a copy. 

Kimble Dairy Glassware is dis- 
tributed by leading dairy supply 
houses throughout the United 
States and Canada. 


Look for the Kimble "K", the vis.ble guarantee of invisible quality 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Michaels Mixevan in your vanilla mix acts 


like a magnet to bring ’em back to 


your brand . . . again and again and again. 


( 
i 
America’s Flavorite Other Michael’s Vanilla Products 
| MICHAEL'S 
TRUE VANILLA SUGAR for custom- 
| M | X EV A N f made ice-cream. 4 
| ‘ TWIXT for popular-priced ice-cream. f 
Good for What Ails Sales 
| TITAM for use in novelties. i 
i DAVID MICHAEL & CO. 
INCORPORATED } 
. f half a century in the flavoring field } 
5 3743-63 D St., Philadelphia 24, Pa. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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steam,power and milk 


" E C !! Spray Pasteurizer with Sentinel Control 


Here’s a modern all-stainless spray pasteurizer that offers you 50% lower electric power 
costs, 20% lower steam costs, 50% lower maintenance costs, and safe pasteurization with 
low water temperatures. The well-known Cherry-Burrell spray heating principle reaches a 
new high in efficiency in the CC Spray and assures a product that has rich, natural flavor, 
a maximum cream layer, good body color, and low bacteria count. With Cherry-Burrell’s 
exclusive patented Sentinel Control, the human element is removed, the batch is positively 
held at proper temperature, heat is automatically controlled and cut off at the end of the 
holding period. No overheating, no underheating— no wasted steps to check temperatures! 
Sizes: 200 and 300 gailons. Get full information now! 


Save Milk, Man-hours, and Money 

This new book outlines modern advancements that 
make possible real savings to all milk plant operators. 
It shows how you can properly correlate all production 
machinery and operations to gain the most from every 
drop of milk, every man-hour. Send for your copy today! 


CHERRY-BURRELL CORPORATION 
Dept. 123, 427 W. Randolph St. 
ago 6, Ill. 
( ) Send copy of CC Spray Bulletin 
copy of “Save Milk, Man-hours and 
oney”’ 


CHERRY -BURRELL CORPORATION 


Generol Soles ond Executive Olfice N 
Milk ond Food Plont Equipment ond Supplies FIRM NAME 

FACTORIES. WAREHOUSES. BRANCHES, OFFICES OF DISTRIBUTORS 


This is a preprint of advertisement to appear in: 
Journal of Dairy Science—April, 1949 Journal of Milk-Food Technology—May, 1949 


Your advertisement is being read in every State and in 25 Foreign Countries 


6 
eee eee eee @ 

e 
e 
e | 
° 
j 
4 
7 

d | 
3 


JOURNAL OF DAIRY SCIENCE 7 


ONLY DE LAVAL GIVES You. 
UNIFORM MILKING’. 


From the Pulso-Pump the De Laval “Magnetic Heart” controls the milking 
speed and action of each unit being used. All units must milk alike and 
cannot vary from milking to milking. 
i Most other types of milkers have a separate pulsator for each unit and 
j great variation in milking speed and action is possible. 
The result is like constantly changing hand milkers...a serious loss of 
} milk production. 


OR 


New De Laval New De Laval World's New De Laval Speedway 
Sterling Milker Standard Series Separators Water Heater 
Another great new De Cleanest skimming, easi- De Laval engineered for 
Laval Milker for still bet- est-to-clean separators the dairyman. Supplies 12 
ter milking at lower cost. ever built. Every part milk —_full gallons of 185° water. 

Stainless’ steel units. touches is stainless steel. “Lifetime” copper tank. 


Your advertisement is being read in every State and in 25 Foreign Countries 


| 
| 
7 
Laval 
the Separator Company, Dept. 2] -S 
eee 165 Broadway, New York 6, N. Y. 
Please send me printed matter on: 
De Laval Milkers De Laval 
De Lava! Separators taval * 
De Laval Freezers in 


A NEW SOURCE OF PROTEIN 


“TWo-SIXTY-TWo” 


5. pat. OFF 
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THROUGH CHEMISTRY 
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UREA 


FOR RUMINANTS IN 


Feed Compound by Du Pont 


DU PONT ““T'wo-Sixty-Two” is a controlled product of high 
quality which has been used successfully and effectively in 
more than 2,000,000 tons of commercially mixed feeds for 
cattle and sheep. It is based on urea, chemically known as 
carbamide, manufactured by Du Pont. ‘“Two-Sixty-Two”’ 
Feed Compound contains 42% nitrogen which can be uti- 
lized by ruminants as a source of protein. 


Extensive research at many of the leading Agricultural 
Experiment Stations has proved that synthetic urea is a 
completely satisfactory and reliable source of protein for 
ruminants when used as directed. This research covered the 
important phases of feed utilization of ruminants from bcth 
a nutritional and a physiological point of view. 

A summary of this information is available along with a 
bibliography of the research work on the feeding of synthetic 
urea to ruminants. This summary and a new booklet on the 
use of ““T'wo-Sixty-Two” in ruminant feeds may be obtained 
by writing E. I. du Pont de Nemours & Co. (Inc.), Ammonia 
Dept., Wilmington 98, Delaware. 


“TWO-SIXTY-TWO"' IS A TRADE MARK, REG. U. S. PAT. OFF. 
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Special Products for Dairy Processing 


FRIGIDRY—Lyophilized Dairy Cultures 


Reg. U.S. Pat. Off. 


The importance of the original culture in producing cultured dairy prod- 
ucts cannot be over-emphasized. Sub-zero, high-vacuum drying techniques 
developed during the war for sensitive biological fluids like blood plasma 
and penicillin have been adapted to the manufacture of Frigidry cultures. 
This has resulted in hyper-viable, stable cultures which produce optimum 
acidity, flavor and aroma in mother cultures in one generation. We have 
several leaflets which give the complete story. Write for them. 


BODY-GUARD—Ice Cream Emulsifier and Stabilizer 


Reg. U.S. Pat. Off. 


The value of stabilizers to control body and texture of ice cream is well 
established. Small amounts of Body-Guard, because of its high content of 
especially selected active ingredients, produce top-quality results, both as 
a stabilizer and emulsifier. For full information write for Leaflet No. 207 
and trial offer. 


3. PROVALAC—Carotene Dairy Fortifier 


Reg. U.S. Pat. Off. 


Carotene, the naturally oceurring vitamin A active, yellow plant pigment 
is now available in convenient form for bringing fluid dairy products up to 
**June’’ level of color, vitamin A activity and flavor. Provalac is made of 
butter, fortified with carotene and emulsified in milk. It provides a simple, 
ready-to-use, carotene-restoring agent, requiring no special equipment to 
use and one which blends homogeneously with simple agitation. Write for 
a Provalac Demonstration Kit and Booklet No. 277. 


YELLO-A—Carotene Butter Color and Fortifier 


Reg. U.S. Pat. Off. 


Cows color butter and enrich it with Vitamin A activity and so can you. 
Inert vegetable colors and inert coal tar dyes can now be replaced with 
Yello-A which will restore and standardize not only the natural, golden 
yellow trade mark of butter, but its vitamin A content as well. It may be 
used to obtain any degree of coloring and fortification dictated by local 
consumer preference. Samples are available for testing purposes. 


GENERAL BIOCHEMICALS, INC. 


20 LABORATORY PARK CHAGRIN FALLS, OHIO 


Your advertisement is being read in every State and in 25 Foreign Countries 
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\\ ! // / Twin Pines Dairy Farm's well known plant at Detroit, 
AN aS af Michigan selected the Mojonnier Case Washer because 
~a> it measured up fully to their exacting requirements. 
— “ Within this popular unit, cases are scrubbed with a 
= hot cleaning solution under 100 Ibs. per square inch 


pressure. This cleans, deodorizes and sterilizes by 

penetrating every crack and crevice both inside and 

out. Clear, cold water spraying completes the 

cooling phase. Operating speed, 14 cases per 

a minute. Investigate the remarkable efficiency of 

this Mojonnier Case Washer now. Write: 

MOJONNIER BROS. CO. 

TW N N ES 4001 West Ohio Bt. Chicago 44, 
Shown below is Mojonnier Model C Super Duty Case Washer. 
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FACTORS MODIFYING THE EXCRETION OF FECAL ANDROGENS 
IN THE COW 


R. B. CASADY, H. H. COLE anp G. H. HART 
Division of Animal Husbandry, University of California, Davis 


The function of androgens in the female is becoming recognized as one of 
considerable importance. Accumulating evidence indicates that androgens may 
play an important role in determining the normal processes associated with the 
estrous cycle. Salmon and Geist (23) have shown that androgens stimulate 
sexual libido in the human female and Cole et al. (2) report similar results with 
the ewe. Selye (24) states that androgens are a potent means of terminating 
menstruation and that testosterone produces mammary development in the 
female rat. 

Since McGee (19) first extracted the male hormone from bull testes in 1927, 
investigations of androgen excretion have been confined almost entirely to the 
urine. In 1942 Riley and Hammond (22) showed, however, that the feces of 
dairy cows had considerable androgenic activity as determined by precocious 
comb and wattle growth in chicks given cow feces in the diet. There was also 
a retardation of gonadal development of the chicks. Fees of cows both with 
and without access to pasture contained the active principle in similar concen- 
trations, a fact leading the authors to conclude that androgen is not derived 
from the diet. On the other hand, bull feces showed no evidence of androgen 
content. Turner (25 to 29) and Longwell and Gassner (8, 18), have con- 
firmed and extended the findings of Riley and Hammond. 

The purpose of the present study is to investigate factors modifying the 
fecal excretion of androgens in the cow, and to determine the possible relation- 
ship between the fecal androgen level and certain reproductive disorders in 
cattle. 


EXPERIMENTAL 


The animals used in these studies were Jersey and Holstein cows from the 
Division of Animal Husbandry herd with the exception of four Jerseys and one 
Guernsey with cystic ovaries purchased from nearby breeders. The method of 
assay used was that described by Riley and Hammond (22), with the exception 
that day-old White Leghorn cockerels were used in place of Rhode Island Red 
chicks and the feeding period was shortened to 14 days. White Leghorns were 
used because they were most readily available at the time the study was ini- 
tiated. Dorfman (4) has shown since that the White Leghorn comb is 10 to 
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20 times more responsive to androgen than the comb of the Rhode Island Red 
or Barred Rock. The shorter feeding period was instituted when it was no- 
ticed that the comb response at the end of 14 days was great enough to afford a 
reliable assay. Only cockerels were used, any pullets found at autopsy being 
discarded. Data from cockerels weighing less than 90 g. at autopsy were not 
inelu led. It was intended to use ten or eleven chicks for each test but the 
number was reduced in some instances to seven by the limitations imposed by 
sex and size. 

To rule out the possible effect of environment, a control group of chicks 
receiving no feces was run with each test. There was no evidence to indicate 
that changes in environment or in chicks used influenced the results. 

The feces were collected in most instances in a clean container as they were 
dropped. In a few instances, part of the sample was obtained by artificial 
evacuation of the bowel; in a few others, samples were taken up from a clean 
concrete floor. The feces were dried in shallow pans in ovens at a temperature 
of 39 to 41° C. for 48 to 72 hours and then ground in a hammer mill before 
mixing with the chick ration. 

The basal chick ration was a well-balanced diet furnished by the Poultry 
Division of the University of California... The feces were mixed with the basal 
ration in the proportion of 10 per cent by weight and fed to day-old chicks. 
Fed in this proportion, the average consumption of feces was 18 g. per bird, 
with extremes of 15 to 21. There was as much variation in feces consumption 
among groups of chicks on the same feces sample as among groups on different 
samples. As differences between the means of only 2 of 18 repeat tests of 
given samples were significant, it is apparent that variations in feed consump- 
tion were not sufficient to be of great importance in the interpretation of the 
results. At the end of 14 days on feed, the combs were removed as described 
by Frank et al. (6). The testes were removed for weighing at the same time. 
The comb and testes were weighed separately on a torsion balance to the near- 
est 0.2 mg. 

The chicks were kept in a Jamesway brooder with the temperature under 
the hover pad at 95 to 100° F. The room temperature was maintained at ap- 
proximately 70° F. 

EXPERIMENTAL RESULTS 


Accuracy of the assay method. To test the accuracy of the androgen assay 
procedure, 18 of the feces samples were tested twice, using two groups of chicks 
at different times. During both feeding periods, conditions were duplicated as 
closely as possible with respect to ration, temperature, number of birds and 
length of feeding period. The mean comb weight of the repeat group was com- 
pared with that of the original assay group. Statistical analysis of the differ- 
ence between the means showed that in 16 out of 18 compared assays the difference 
between the means was not significant at the 5 per cent level of probability 


1The basal ration consisted of: fishmeal—16, meat scraps—16, soybean meal-56, alfalfa 
meal-20, salt-2, limestone and MnSO,-4, fish oil-1, millrun-60, brewer’s yeast-4, ground 
wheat-40, ground corn-173, and whey-8. 


j 


FECAL ANDROGEN EXCRETION 267 


(table 1). Thus, this method of assay for fecal androgens is fairly reliable and 
significant differences in comb weights usually may be attributed to differences 
in the amount of androgens in the feces fed. At the present time no adequate 
explanation is available as to why significant differences were found between 
mean comb weights in two of the repeat tests. 

Effect of diet on the fecal androgen level. Assuming that the 24-hour 
excretion of androgens is constant, greater androgenic activity per gram should 
be obtained from feces of cows on a low fiber diet with low total feces during 
the 24 hours than from cows on a roughage diet with a larger amount of feces 


TABLE 1 


Tests on the accuracy of fecal androgen assay by the chick comb growth method with feces 
fed as 10% of the dieta 


Feces consumption Average comb weights 

Sample per chick for per 100 g. body weight 

on. the 2 tests: for the two tests: expressed as probability 
Original Repeat Original Repeat 

(9-) (mg.) (mg.) 

2 18.2 15.3 71.2 ead > 0.50 
6 19.7 16.7 105.6 100.8 > 0.50 
3 16.9 17.6 322.2 290.5 > 0.50 
15 18.4 17.7 252.7 276.3 > 0.50 
19 18.2 19.4 228.2 214.2 > 0.50 
18 17.0 18.4 272.9 268.4 > 0.50 
5 17.2 16.7 271.7 246.1 > 0.50 
8 16.6 16.4 279.4 246.5 > 0.50 
31 18.9 19.7 250.2 245.8 > 0.50 
32 a c 429.3 409.7 > 0.50 
4 17.9 15.2 333.5 284.4 0.37 
12 18.1 17.4 325.2 282.6 0.37 
17 18.5 18.1 244.3 212.6 0.36 
13 15.9 19.5 110.0 158.7 0.20 
33 17.3 nd 403.2 321.0 0.20 
30 15.3 19.3 159.9 237.2 0.20 
28 15.2 20.6 119.9 254.1 0.05 
16 19.0 17.8 200.9 125.4 < 0.01 


® Duplicate tests were made on given samples with at least 1 week between tests. An 
average of 9 chicks were used for each test with extremes of 7 to 11. 

> Probability values greater than 0.05 indicate that the difference between duplicate tests 
is not significant. 

¢ Data not available. 


voided. To test this hypothesis, two non-lactating cows were placed on a 
cement floor without bedding and fed alfalfa hay and straw in excess for a pre- 
liminary period of 3 days, at the end of which time a 24-hour collection of feces 
was made and an aliquot taken for assay. All hay and straw then was taken 
away and each cow was fed 5 lb. of rolled barley twice daily for a preliminary 
period of 3 days, at the end of which time another 24-hour collection of feces 
was made. The experiment was repeated using two other cows with a prelimi- 
nary feeding period of 5 days for alfalfa hay alone and 4 days for grain. 
Again 24-hour collections of feces were made at the end of each feeding period 
and aliquots taken for assay. During all feeding periods the cows had access 
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TABLE 2 


Effect of a roughage diet as compared to a grain diet on the fecal androgen level in cows as 
determined by the chick comb growth methoda 


Av. comb wt. per — 
100 g. body wt. Significance of 


with feces from difference 


Feces consumption 
per chick receiving 


feces of cows on: cows receiving: between means: 
Rolled Rolled 
barley> Roughagee barley> Roughage® t = 
(9-) (9-) (mg.) (mg.) 

562 28 & 30 15.2 15.3 119.9 159.9 1.15 > 0.2 
562 28 & 30 20.6 19.3 254.1 237.2 0.22 > 0.5 
E-59 27 & 29 17.3 16.4 62.2 117.2 3.93 < 0.01 
757 45 & 46 19.2 19.4 187.2 461.0 4.99 < 0.01 
821 43 & 44 20.5 18.0 99.7 534.1 6.45 < 0.01 


a The dried feces were fed as 10% of the chick ration for 14 days. An average of 9 
chicks were used per test. 
lb. twice daily. 
¢ Cows 562 and E-59 received alfalfa hay and straw in excess. 
Cows 757 and 821 each received 10 lb. of alfalfa hay twice daily. 


to no other food, and water and salt were furnished ad libitum. Contrary to 
the hypothesis mentioned, the feces of the cows on a diet of roughage showed 
greater androgenic activity than feces of cows on the grain diet in three of four 
instances (table 2). The differences in comb weight produced by the feces of 
cow 562 on the two diets are not significant at the 5 per cent level of probabil- 
ity, but those for cows E-59, 757 and 821 are highly significant at the 1 per cent 
level. No explanation is available at present to account for the difference in 
comb weight between the original and repeat tests on each diet in the case of 
cow 562. On the hay diet, the total amounts of feces excreted during the 24- 
hour period were 2.6, 3.8, 3.8 and 4.3 times greater than on grain alone for cows 
562, E-59, 757 and 821, respectively (table 3). Thus, considering the greater 
androgen content per gram of feces in three out of four cases while on the hay 
diet, it is apparent that the total fecal androgen excretion is more than three 
times that on the grain diet. These data clearly indicate that diet has a promi- 


TABLE 3 
Influence of diet on 24-hour excretion of feces 


Dry weight of feces on: 


Cow Per cent 
donor Rolled increase 
barleys Roughage> 
(9-) 

562 1350 3505 260.0 
E-59 1145 4320 380.0 
757 815 3140 380.0 
821 795 3420 430.0 


a5 lb. twice daily. 
> Cows 562 and E-59 received alfalfa hay and straw in excess. 
Cows 757 and 821 each received 10 lb. alfalfa hay twice daily, 
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nent role in determining the fecal androgen level. This effect of diet must be 
considered in comparative assays. All comparative assays made during the 
course of this study were made on cows receiving similar diets, and the role of 
the diet is not considered to have influenced the results to any appreciable 
degree. 

Androgen levels in normal cows. To establish a basis for comparison, assays 
were made of feces of normal dairy cows in various physiological states. Feces 
of non-pregnant lactating, pregnant lactating and pregnant non-lactating cows 
produced comb weights 300 to 400 per cent greater than the controls, at the 
same time suppressing testicular development to 50 to 60 per cent of that of the 
controls (table 4). The data fail to show a clear-cut difference in androgenic 


TABLE 4 
Androgen in the feces of normal dairy cows as determined by the chick comb growth rcsponsea 


Av. comb 
Cow Condition of Sample No. of ‘ cme Av. body As. wt. wt. per 
donor donor no. chicks per chick weight testes body g. 
(9-) (9-) (9-) 

None Controls _t=..... 57 128.5 38.4 73.8 
904 Non-pregnant 3 7 16.9 116.7 18.7 322.2 
lactating 3 11 17.6 107.4 14.9 290.5 
1092 Pregnant 4 10 17.9 112.9 16.7 333.5 
lactating» + 9 15.2 103.4 14.7 284.4 
1093 Pregnant 5 7 17.2 113.7 18.7 271.7 
lactating» 5 8 16.7 100.7 19.2 246.1 
885 Pregnant 8 11 16.6 110.7 21.9 279.4 
non-lactatinge 8 8 16.4 113.6 17.4 246.5 
907 Pregnant 9 . een a 104.0 17.3 241.5 
non-lactatinge 11 11 7 115.6 18.8 385.2 
897 Pregnant 12 9 18.1 115.5 18.1 325:2 
non-lactating¢ 12 10 17.4 112.4 16.8 282.6 


* The feces were fed to chicks for 14 days as 10% of the ration. Sample numbers indi- 
cate where repeat tests were conducted 


» Cows in first 2 months of gestation. 
¢ Cows in last month of gestation. 
4 Data not available. 


content of the feces in the different groups. Turner (28) reported that the 
androgenic activity was high during the first month of lactation but a later re- 
port (29) did not substantiate this. Gassner and Longwell (8) report that the 
androgenic titer drops to zero at parturition. Several reports (8, 18, 28, 29) 
indicate that the excretion is high shortly before parturition but none specifi- 
cally states that statistically significant increases were found. In our series, two 
of three samples collected in late pregnancy did not vary significantly from the 
mean of all samples collected from normal non-pregnant or early pregnant cows. 

Androgen levels in cystic-ovary cows. The etiology of cystic ovaries in cows 
is as yet unknown. This pathological condition has been studied by several 
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investigators since the turn of the century (1, 7, 10, 11, 20, 30) but studies on 
hormonal levels in these animals are not available. 

Six cows with a cystic condition of the ovaries were studied during the 
course of this investigation. A brief history of each case follows: 

Cow 1. Jersey, 7 years of age, lactating approximately 2 years. Placed under observa- 


tion June 22, 1947. Examination on that date disclosed a cyst on the left ovary double the 
size of a walnut, no cyst on the right ovary. Previous history of frequent mounting and 


molesting other cows in the herd. Evidence of heat once in 2.5 months under our observation. — 


Cow D-41. Jersey. Last calf September, 1945. Cyst first discovered November, 1946, 
shortly after abortion. Cyst expressed for the last time December, 1946. Placed under ob- 
servation October 28, 1947 and examination revealed the right ovary the size of a small 
orange, a little larger than the left. Previous history of lowing like a bul] and riding all 
cows available. Used to determine cows in heat. Tail head not significantly raised. During 
study infrequent riding of companion cow was observed. In heat December 19, 1947. Exami- 
nation December 20th disclosed a definite cyst, 22.5 inches, on the left ovary. Right ovary 
was normal. Autopsy at end of study showed the right ovary to be 1x 1.75 inches with one fol- 
licular eyst; the left, 1.75 x 2 inches with three follicular cysts. No corpora lutea were present. 

Cow E-59. Jersey. Last calf June 6, 1946. Obtained for study March 1, 1948. Pre- 
vious history of nymphomania symptoms, frequent estrous period and breedings, but no con- 
ceptions, bellowing, high at the tail head, riding of all cows in heat, pawing and nervousness. 
No heats observed from March to June, 1948. Examination February 23, 1948, showed the 
right ovary to be the size of a small hen’s egg with a cyst 1 inch in diameter. The left 
ovary was the size of a large English walnut but had a smooth surface. The ovaries re- 
gressed until April 20, when examination showed one cystic follicle on the right ovary. Last 
examination in June, when the right ovary was the size of an English walnut and had one or 
more large follicles and the left ovary was small with no palpable follicles or corpora lutea. 
Cow anaphrodisiae since February, 1948, but still repeatedly mounts cows in heat, is high at 
the tail head and bellows like a bull. 

Cow 216. Last calf June, 1947. Bred every 3 weeks on occurrence of heat between July, 
1947, and January, 1948, with no conceptions resulting. No external cystic symptoms except 
for a slightly raised tail head. Previous history of mounting cows in heat a great deal. 
Examination in February, 1948, revealed the right ovary inactive, the left ovary half the 
size of a hen’s egg and definitely cystic. Examination again in March disclosed no cysts 
on either ovary. In heat March 1, 1948, and bred March 2. 

Cow 849. Jersey. Last calf December 11, 1947. Bred four times within a 2-month 
period since her last calf. History of cyst first being noticed March 24, 1948, on the right 
ovary; left ovary normal. Placed under observation May 11, 1948. Previous observations 
indicate she frequently was in heat, riding other cows and standing to be ridden. Between 
May 11 and June 6, she was in heat every 7 to 9 days and exhibited nymphomania symptoms 
of being very rabid, riding and being ridden almost constantly while in heat. On March 11, 
the cyst on the right ovary was 0.75 inch in diameter and quite hard. Examination June 3 
revealed both ovaries enlarged, a little larger than an English walnut. Injected with 1090 I.U. 
equine gonadotrophin June 4, and by June 9 the ovaries were smaller, although the left was 
still about the size of an English walnut, the right ovary being smaller and flatter with a 
corpus luteum on one end. In heat June 6, but was not observed in heat again up to June 29, 
although she still mounted other cows in heat. Estrus noted again July 17, July 20 and 
July 22. 

Cow 758. Jersey. Last calf September 3, 1947. Bred five times between September, 
1947, and January, 1948. History of displaying nymphomaniac symptoms. In heat often, 
every 4 to 5 days. Showed morphological characteristics of a high tail head, relaxed pelvic 
ligament, and tendency toward coarseness in the shoulders. Did not develop the throaty 
bawling of a bull. Examination March 23 and March 25, 1948, disclosed the left uvary 
slightly enlarged with a couple of small cysts present with the right ovary apparently normal. 
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Feces of the six cows were collected and assayed for androgenic activity 
(table 5). Feces of cows 1 and D-41 produced comb weights which indicated 
very little excretion of androgens, while those of the remaining cows showed 
significant androgen content, although two of them were below that of the nor- 
mal cows. The results suggest a decrease in fecal androgens in cows with cystic 
ovaries, although results on cows 849 and 758 might be considered as being in 
the normal range. As may be noticed in the table, there is an apparent cor- 
relation between the fecal androgen level and the length of time since calving. 
The lowered androgen excretion in cystic-ovary cows with masculine charac- 


TABLE 5 
Androgen in the feces of cystic-ovary cows as determined by the chick comb-growth responsea 


Av. comb Feces 
D —_ Sample No.of Av.body Av. wt. per 100 consump- 
chicks weight testes g. body tion per 
on weight chick 
(9-) (mg.) (mg.) (9-) 
None (controls)> 13 329.1 86.8 
Cow me: 2 ................ 24 1 14 249.2 46.2 543.1 we 
None (controls) 161 128.8 40.2 
2 9 115.5 28.5 71.2 18.2 
2 10 128.9 34.0 TT 15.3 
2 
re eee 26 6 9 109.8 30.5 105.6 19.7 
6 8 120.0 26.6 100.8 16.7 
17 10 123.4 25.1 244.3 18.5 
33 17 11 125.1 19.6 212.6 18.1 
20 10 107.5 24.6 104.0 16.9 
216 8 13 9 112.1 21.8 110.0 15.9 
13 10 129.5 303 158.7 19.5 
5 36 9 137.2 29.2 268.2 20.1 
NM ciadaccscscsahecussaiepacstesacas 6 23 8 111.0 20.0 234.9 16.2 


a The feces were fed to chicks for 14 days as 10% of the ration. Sample numbers indi- 
eate where repeat tests were conducted. 

b Results over a 28-day feeding period. 

¢ Data not available. 


teristics and behavior is analogous to the low androgen excretion in the bull as 
reported by Riley and Hammond (22) and Turner (27). The significance of 
this decreased excretion of fecal androgens in the male and masculine-like 
female is not apparent. 

Effect of ovariectomy on androgen excretion. It has been demonstrated that 
the ovary may secrete androgens under certain conditions (3, 12, 13, 14, 15, 17), 
but to what extent it is involved in the normal production of androgens has not 
been determined. To investigate the role which the ovary plays as a source of 
fecal androgens in the cow, bilateral ovariectomy was performed on cow 883. 
Feces were collected for assay preceding the operation and on the 4th, 10th and 
39th days post-operative. The results are shown in table 6. Ovariectomy did 
not produce a decrease in androgen excretion. In fact, there is an apparent 
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increase in excretion on the 10th and 39th days post-operative. Failure of 
ovariectomy to decrease androgen excretion coincides with the results obtained 
in the human female (9, 16). Dorfman et al. (5) observed a decrease in 
urinary androgen excretion after ovariectomy in cne female monkey, and no 
change in excretion after ovariectomy in a second female. If the ovary is di- 
rectly concerned with androgen excretion, the results of ovariectomy may be 
explained by assuming that the stimulating influence of stress on the adrenal 


TABLE 6 


Effect of ovariectomy and ovarian stimulation with equine gonadotrophin on the fecal androgen 
level in cows as evidenced by chick comb growtha 


Feces Av. comb wt. 
Cow — Sample consumption per 100g. 
donor of donor ime no. cks per chick g body weight 
(days) (9-) (g-) (mg.) 
883 Pre-operative 18-26 10 9 18.4 113.7 249.3 
(com- 10 9 17.9 114.8 126.5 
posite) 10 9 125.8 173.7 
Post we 4 16 8 19.0 135.6 200.9 
ear-opere 16 11 17.8 113.7 125.4 
10 18 10 17.0 109.7 272.9 
18 10 18.4 121.9 268.4 
39 21 9 16.4 109.0 239.4 
562 Pre-injection 1 37 10 19.8 129.2 156.5 
Post-injection». 4 38 7 19.7 133.9 190.2 
10 39 8 19.1 125.8 240.3 
Pre-injection 49 7 10 17.6 118.7 144.9 
13 14 7 17.1 114.4 178.7 
Poa 15 9 18.4 120.8 252.7 
15 8 17.7 117.9 276.3 
10 19 9 18.2 114.3 228.2 
19 11 19.4 125.7 214.2 
39 22 8 16.2 110.1 204.9 
E-59 Pre-injection 1 40 | a 127.3 325.2 
Post-injection> 4 41 ges d 126.0 161.8 
10 42 Mm d 136.5 193.7 


® The feces were fed as 10% of the chick ration for 14 days. Sample numbers indicate 
where repeat tests were conducted. 

> Injected with 1400 I.U Equine Gonadotrophin. 

¢ Injected with 3000 I.U. Equine Gonadotrophin. 

4 Data not available: 


masked the decrease resulting from ovariectomy, since Pincus (21) has shown 
that stress causes an increase in ketosteroid excretion. 

Effect of equine gonadotrophin on androgen excretion. To investigate fur- 
ther the role which the ovary may play as a source of fecal androgens, cow 562 
was injected with 3000 I.U. equine gonadotrophin and the feces collected for 
assay on the 4th, 10th and 39th days following injection to observe the effects 
of ovarian stimulation. Subsequently, cows 562 and E-59 were injected with 
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1400 I.U. equine gonadotrophin and feces collected on the 4th and 10th days 
following injection. Table 6 shows the results obtained from fecal assays after 
ovarian stimulation. It may be noted that increased excretion of fecal andro- 
gens was obtained in the two experiments on cow 562 and decreased excretion in 
the experiment on cow E-59. The long lasting effect in cow 562 (39 days) may 
be due to the great sensitivity of this cow to gonadotrophins. Her ovaries ex- 
hibited great follicular development, increasing in size to that of an orange and 
not regressing for a period of 2 months. The results in cow E-59 may be due 
to lack of ovarian stimulation. Periodic manual examination disclosed that her 
ovaries did not respond with the follicular development and hypertrophy as ob- 
served with cow 562. These data, considered in the light of the previous ovari- 
ectomy experiment, suggest that the ovary does not influence directly the fecal 


TABLE 7 


Effect of unilateral adrenalectomy on the fecal androgen level of cow 883 as determined by 
by the chick comb-growth responsea 


ae Av. comb. wt. Feces 

Condition Elapsed No. of Av. body , 

per 100 g. consumption 

of donor time chicks weight body weight per chick 
(days) (mg) (9-) 
Ovariectomized 8 124.1 250.2 18.9 
pre-adrenalectomy 9b 126.5 245.8 19.7 
Post-adrenalectomy 3 11 114.1 429.3 18.5 
10b 135.6 
- 8 112.8 403.2 17.3 
10» 132.7 321.0 ae 
11 11 114.5 318.9 18.2 
14 9 127.8 468.3 19.8 


® The feces were fed as 10% of the chick ration for 14 days. 
b Repeat test on same sample of feces, 
¢ Data not available. 


androgen level appreciably in the cow but may exert an indirect effect through 
the medium of some other gland. 

Role of the adrenal in androgen excretion. Since the adrenals have been 
shown quite conclusively to be one site of androgen formation in various spe- 
cies, the possibility of their being concerned with androgen excretion in the cow 
seems very likely. With that in mind, a cow was adrenalectomized unilaterally 
and feces collected for assay before the operation and 3, 7, 11 and 14 days post- 
operative. The cow used for this experiment was cow 883 which had been 
ovariectomized bilaterally 9 weeks previously. After the removal of one ad- 
renal, there was increased androgen activity of the feces during the 2-week 
period the feces were collected (table 7). One might expect that the removal 
of one adrenal would result in a decrease in androgen until such time as the 
other adrenal hypertrophied and compensated for the loss. Dorfman et al. (5) 
observed a decrease in androgen excretion to one-third the normal level after 
removal of gonads and both adrenals in male and female monkeys. Adrenalec- 
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tomy in the cow is a hazardous and difficult procedure, however, resulting in 
considerable stress and post-operative discomfort. Very little food or water 
was consumed by the cow for approximately 72 hours after the operation, and 
defecations were extremely meager. Furthermore, severe infection was found 
at the site of the removed adrenal at the time of autopsy 26 days after the 
operation. One may assume, therefore, that, as a result of stress, the remain- 
ing adrenal secreted at a greater rate than did both adrenals preceding the 
operation. The fact that a marked change in fecal androgens occurred follow- 
ing adrenalectomy in an ovariectomized cow provides strong presumptive evi- 
dence that the adrenals play a prominent role in androgen production in this 
species. 
DISCUSSION 


One of the first questions confronting one attempting to study the factors 
modifying the excretion of a given hormone is the accuracy of the assay test to 
be employed. The data given in table 1 indicate that in most instances a given 
result can be duplicated with considerable precision. However, in 2 of 18 tests 
there were statistically significant differences in the mean comb weights of du- 
plicate tests on the same sample. This means that in a few instances there have 
been variables in the procedure or in the test animals which have not been rec- 
ognized. This fact serves as a warning in the interpretation of minor differ- 
ences. 

That the nature of the diet has a profound effect upon the 24-hour excretion 
of fecal androgen is indisputable. In three of five tests the fecal androgen 
per gram of feces was distinctly higher when cows were fed roughage alone 
than when they were fed concentrates alone (table 2). In addition, the total 
feces per 24-hour period was approximately three times greater on roughages 
than on grain (table 3). Until the specific androgen in cow feces is known, 
attempts to express androgen excretion in absolute terms are of doubtful value. 
Nonetheless, the response of the chick comb to dehydroisoandrosterone? was de- 
termined during the course of this study. When placed in the chick ration 
using the same strain of chicks, 4 mg. of this androgen per bird produced a 
comb weight (average of 10 birds) of 170 mg., and 8 mg. of the hormone, an 
average comb weight of 318 mg. The responses to the feces of cow 757 (table 
2) come closest to simulating these responses. The amount of feces consumed 
per bird and the 24-hour excretion of feces are known. Assuming that the re- 
sponse to the feces of cow 757 on rolled barley, 187 mg. comb weight, is equiva- 
lent to the response to 4 mg. of dehydroisoandrosterone, and further that the 
response to the feces of cow 757 on alfalfa hay, 461 mg. comb weight, is equiva- 
lent to the response to 8 mg. of the hormone, one is able to calculate excretion 
in terms of dehydroisoandrosterone. The calculation discloses that an equiva- 
lent of 212 mg. of dehydroisoandrosterone was excreted daily by cow 757 on 
rolled barley and 1,286 mg. on alfalfa hay. In other words, the daily androgen 
excretion was approximately six times greater on roughage than on grain. 

2 Kindly supplied by Schering Corp., Bloomfield, N. J. 
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Further studies are necessary before one could speculate on the cause of this 
difference. 

The consistency with which responses of 200 mg. or greater in comb weights 
were obtained when chicks were fed feces from normal animals (table 4) indi- 
eates that lower values may have diagnostic significance. As is seen in table 5, 
a low androgenic response usually is obtained from cows with cystic ovaries of 
long standing. 

The results clearly show that there is no fall in the fecal androgen level fol- 
lowing ovariectomy. Too much emphasis should not be put on the rise ob- 
served without further experiments. The significance of the finding that in two 
trials a distinct rise was obtained after treatment of cow 562 with equine 
gonadotrophin is tempered by the occurrence of a distinct drop in a trial with 
cow E-59. The fact that a distinct increase in ovary size was found by rectal 
palpation in the first animal and no detectable ovarian change in the second 
may furnish a clue for interpretation. 

The distinct rise in androgen excretion obtained by unilateral adrenalectomy 
searcely is the result expected, but, nevertheless, it does indicate that the ad- 
renal may be involved in determining the amount of fecal androgen in the cow. 


SUMMARY 


Studies were made on the fecal androgen excretion by dairy cows in various 
physiological and pathological states. 

The accuracy of the assay method was determined with duplicate tests on 
18 samples. Sixteen of the 18 tests showed no statistical difference between 
the mean comb weights of duplicate assays on the same sample. 

In four trials, diet was shown to have a marked effect on the androgenic ac- 
tivity of cow feces; the 24-hour excretion of androgens on a roughage diet (al- 
falfa hay and straw, or alfalfa hay alone) was three to four times greater than 
on a diet of concentrates alone. The androgenic activity per gram of feces 
and the total feces excreted in 24 hours both were greater on roughage than on 
concentrates. 

The feces of normal cows, incorporated as 10 per cent of a chick diet, pro- 
duced an average comb weight per 100 g. body weight of 295.2 as compared to 
an average comb weight of 80.1 mg. for control chicks receiving no feces. In 
the small number of animals studied, there was no indication that the fecal an- 
drogen level ‘vas influenced significantly by lactation or stage of gestation. 

The feces of cows with cystic ovaries contained less androgenic activity than 
the feces of normal animals in four of six cases. In fact, in two cases no evi- 
dence of androgen could be detected by the method employed. Thus, it ap- 
pears that in certain reproductive abnormalities, the fecal androgen level is 
decreased. 

Bilateral ovariectomy of a cow caused an apparent increased androgen ex- 
cretion. Feces collected 4, 10 and 39 days following ovariectomy produced 
average comb weights per 100 g. body weight of 157.2, 270.6 and 239.4 mg., 
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respectively, as compared to the average comb weight of 183.2 mg. produced by 
feces collected before the operation. 

Ovarian stimulation with equine gonadotrophin produced increaséd excre- 
tion of androgen in two experiments and decreased excretion in one experi- 
ment. 

Unilateral adrenalectomy of an ovariectomized cow was followed by an in- 
erease in androgen excretion. Feces collected 3, 7, 11 and 14 days post-opera- 
tive produced average comb weights per 100 g. body weight of 419.9, 357.5, 
318.9 and 468.3 mg., respectively, as compared to 248.0 mg. for feces collected 
pre-operatively. As the gonads were absent, a plausible explanation of the 
results obtained is that the remaining adrenal was stimulated to increased 
secretory activity. 
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SOME EFFECTS OF FEEDING THYROPROTEIN TO DAIRY COWS 
DURING THEIR FIRST LACTATION 


By J. W. THOMAS, L. A. MOORE anp J. F. SYKES 


Bureau of Dairy Industry, Agricultural Research Administration, 
United States Department of Agriculture 


During the past several years various investigators have demonstrated that 
feeding thyroprotein, an iodinated casein, to producing dairy cows results in 
increased milk production. Reineke and Turner (16) were the first American 
workers in this field. The results of the early work have been verified and ex-. 
panded at several experiment stations (1, 3, 6, 10, 13, 15,25). Seath et al. (19) 
have studied the effect of feeding thyroprotein in a warm climate. The largest 
experiment was one carried out by Blaxter (4) in England which involved the 
use of 1,008 cows in farm herds. This investigator has been studying recently 
the possibility that thyroprotein feeding may have practical application in Eng- 
land if the thyroprotein is fed when milk production is at a seasonal low point 
during the latter part of the winter, a period of about 2 months (5). The. 
changes that might occur in the composition of the blood and/or milk as a result 
of feeding thyroprotein to the dairy cow also have been studied (1, 6, 10, 12, 
20, 26). A review of a non-scientific nature on feeding of thyroprotein to 
dairy cattle appeared in the 1943-47 Yearbook of Agriculture (14). 

Most of these experiments have been for short periods and, therefore, the 
data are not adequate to guide the dairyman in feeding thyroprotein to cows 
over long periods of time. Also, there are no data concerning the effects of 
feeding thyroprotein for long periods and/or for several lactations on the health 
and lifetime performance of cows. Therefore, an experiment was set up by the 
Bureau of Dairy Industry to study the long-time effects of feeding thyropro- 
tein on the health and reproduction of dairy cattle. Some interesting observa- 
tions have been made from the standpoint of milk production and the results 
observed during the first lactation are reported here. 


EXPERIMENTAL 


Eleven first-calf heifers were fed thyroprotein from approximately the 50th 
day postpartum until 90 days before the next expected parturition. This 
amounted to an average of 301 days (range 240 to 380) during which the cows 
received the drug. A group of three control cows (group 1) received the same 
feed and treatment except that they were not fed thyroprotein. 

All cows were fed 7.5 lb. alfalfa and 7.5 lb. timothy hay and 15.0 lb. of corn 
silage per 1000 lb. of body weight. This roughage allowance was calculated 
in early lactation and maintained at that level during the lactation. The re- 
mainder of the nutrient allotment of each cow consisted of a 17 per cent pro- 
tein grain mixture of wheat bran, 40 parts; ground yellow corn, 40 parts; lin- 
seed meal, 20 parts; and salt (non-iodized), 1 part. 
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Three levels of thyroprotein feeding were used with cows of group 2. Cows 
H-268, H-269, J-488 and J-489 were fed 1.5 g. per 100 lb. of body weight 
Cows H-262, J-487, J-490, J-496 and H-266 were fed 1.0 g. per 100 lb. and cows 
J-604 and H-272 were fed 0.6 g. per 100 lb. The letter H before the number 
indicates the cow was of the Holstein breed; likewise, J indicates Jersey. Dur- 
ing the experiment the amount of thyroprotein was adjusted every 10 days ac- 
cording to the cow’s body weight. The weighed amount of thyroprotein was 
mixed with the daily grain alowance. 

The cows receiving thyroprotein (group 2) were divided into three sub- 
groups on the basis of total digestible nutrient (T.D.N.) intake. Group 2-A 
was fed the maximum Morrison requirements based on production and main- 
tenance, as was group 1 (controls). The amount fed to group 2-B was in- 
creased after mid-lactation from 100 per cent to either 125 or 150 per cent of 
requirements and group 2-C was fed 125 per cent of the Morrison requirements 
throughout the period when thyroprotein was fed. This extra amount of nu- 
trients was not always consumed during the early part of lactation. However, 
by the 100—150th day of lactation the cows readily consumed the 125 per cent 
and even 150 per cent when it was offered. The extra allowance of nutrients 
was fed only during the period thyroprotein was being fed. 

Adjustments in the amount of grain fed were made at 10-day intervals and 
were based on the cow’s body weight and milk production at similar intervals. 
In late lactation the grain allowance was not decreased below a minimum of 
0.5 Ib. per 100 lb. of body weight. This allowance was continued during the 
dry period. Thus toward the end of the lactation of groups 1 and 2-A and 
during the dry period of all cows the T.D.N. consumption was somewhat larger 
than requirements. Daily feed records of amounts fed and refused served as a 
basis for calculating T.D.N. consumption of each cow. Composite milk samples 
were obtained for butterfat test (Babcock) on the 5th and 6th days of each 10-day 
period. 

RESULTS 


Initial response and body weight changes. When thyroprotein was fed, all 
11 cows responded with an increase in F.C.M. production. The degree of re- 
sponse was variable, some cows showing a considerable increase while others 
gave a negligible increase. Low responses were given by cows H-269 and J-604, 
but the increase was transient and too small to show when the production was 
averaged by 30-day periods. The low rate of thyroprotein feeding (0.6 g. per 
hundred-weight) to cow J-604 may have been one reason for the small response of 
this animal. The greatest response was given by cow J-489. This cow’s average 
daily F.C.M. production for the month after thyroprotein feeding was initiated 
was 8.5 lb. (32 per cent) above her pre-experimental level. 

The average daily milk production for the month previous to feeding thyro- 
protein and the first, second, third and fourth months after are as follows: 
Groups 2-A and B: 33.6, 36.6, 33.0, 28.5 and 24.3; Group 2-C: 34.3, 36.5, 37.5, 
35.6 and 33.3. Corresponding figures for the control cows were 39.0, 35.6, 


280 J. W. THOMAS ET AL. 


31.1, 27.9 and 25.9. In figure 1 the average milk production of these groups is 
graphically presented by 30-day intervals expressed as a percentage of the 
pre-experimental month. 

The cows fed thyroprotein increased an average of 8 per cent (2.8 lb.) in 
daily milk production during the first month after thyroprotein feeding was 
started as compared to the pre-experimental month. However, by the fourth 
and fifth months after thyroprotein feeding was started, the production of the 
cows in groups 2-A and 2-B (both receiving T.D.N. at 100 per cent of require- 
ment to this time) had decreased on a percentage basis to or below the produc- 
tion of the control cows. Thus after the initial increase in milk production the 
rate of decline was faster for cows fed thyroprotein and T.D.N. at requirement 
than it was for the control cows. A very different type of response was ob- 
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Fic. 1. Effects of feeding thyroprotein with different T.D.N. intakes on the average 
milk production expressed as a percentage of the pre-experimental month. 


tained with the cows in group 2-C, which were given thyroprotein with extra 
T.D.N. at 50 days postpartum. The peak of response when extra nutrients 
were fed did not occur until the second or third month after thyroprotein feed- 
ing was begun, whereas cows receiving only 100 per cent of their T.D.N. re- 
quirement reached their peak within the first month after thyroprotein feeding 
was begun. Groups 2-A and B, after 4 to 5 months of their regime, had de- 
elined in milk production to about 65 per cent of their pre-experimental level, 
while at the same time the cows that received extra nutrients were producing 
at about 96 per cent of their pre-experimental level. Thus milk production, 
after being stimulated by thyroprotein, did not decline as rapidly in the group 
receiving thyroprotein and extra nutrients as it did in the group receiving thy- 
roprotein and nutrients at 100 per cent of requirement. 


} 
| 

¢ 
4 
4 
| 

‘ 


THYROPROTEIN FEEDING 281 


When thyroprotein was fed to cows receiving nutrients at 100 per cent of 
their requirement (groups 2-A and 2-B) large losses in body weight occurred. 
These losses continued until late in the lactation. Over a corresponding lac- 
tation segment the control cows usually gained weight or had small decreases. 
The average body weight changes from the 50th to the 170th day were as follows: 
Group 1, a gain of 11 lb.; groups 2-A and B, a decrease of 78 lb. and group 2-C, 
again of 5lb. The animals fed thyroprotein and extra nutrients from the 50th 
day had normal body weight changes (group 2-C). Graves (9) reported that 
well-fed first-calf heifers did not lose weight but usually made small gains after 
the first month postpartum. This was observed in the control and extra nu- 
trient groups. Thus the feeding of extra nutrients with the thyroprotein pre- 
vented the large weight losses noted in animals receiving thyroprotein and nu- 
trients at 100 per cent of requirement. 
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Fic. 2. Effects of feeding thyroprotein with different T.D.N. intakes on the average 
body weights of the experimental animals. 


Effect of increasing T.D.N. intake at mid-lactation. An attempt was made 
to retard the rapid decreases in body weight and milk production of some cows 
(group 2-B) that had been receiving thyroprotein and T.D.N. at requirement. 
This was done by increasing the nutrient intake to 125 or 150 per cent of re- 
quirement by feeding additional grain after mid-lactation (at approximately 
180 days) to four of the thyroprotein-fed cows. The effects of this treatment 
on their milk production, body weight and pulse rates can be observed by com- 
paring group 2-A with group 2-B in figures 1, 2 and 3. 

Figure 1 shows that the extra nutrients fed to group 2-B beginning at mid- 
lactation checked the abnormally rapid rate of decline in milk production and 
from this time on the persistency of this group was comparable to that of nor- 
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mally-fed cows. However, group 2-A, not fed extra T.D.N., continued to de- 
cline in milk production at an abnormally rapid rate. The decrease in daily 
F.C.M. production of group 2-B during the 2 months following the feeding of 
extra nutrients averaged only 2.0 lb. A corresponding figure for this segment 
of lactation of the control group was 3.7 lb., while for group 2-A, not fed extra 
nutrients, it was 6.4 lb. Throughout the entire lactation the persistency of 
milk production was excellent for all three. first-lactation heifers that received 
thyroprotein and extra nutrients beginning at 50 days postpartum (group 2-C). 

The cows receiving no extra feed (group 2-A) actually weighed less at 240 
days in lactation than they did at 180 days (fig. 2). However, the cows in 
group 2-B, fed extra T.D.N., had gained 75 lb. during this period. The control 
animals gained an average of 21 lb. Thus the cows that had received thyropro- 
tein for about 120 days and nutrients at 100 per cent of their requirement re- 
sponded with marked gains in body weight when given extra feed. The body 
weight of those that did not receive this extra feed continued on a downward 
trend. However, after the 240th day, rapid increases in body weight occurred 
in group 2-A due to the fact that milk production had reached a low level 
and their minimum grain allowance was more than adequate to meet their re- 
quirement. When the extra T.D.N. was fed to the cows at mid-lactation, the 
heart rate showed a marked increase. Variations in heart rate are discussed 
later in the text. Thus, cows that are receiving thyroprotein and nutrients at 
100 per cent of their requirement will respond with increased body weight 
gains, increased persistency in milk production and increased heart rates when 
given nutrients at 125 per cent of requirement. 

When thyroprotein was removed from the ration at 90 days before the next 
expected parturition the body weight of all cows increased very rapidly. The 
increase in body weight averaged about 70 lb. during the first 20 days after the 
removal of thyroprotein. This rapid gain in body weight and the general ap- 
pearance of the animal suggests a possible change in water retention when thy- 
roprotein is fed. 

The 305-day production records of 14 first-lactation heifers are presented in 
table 1. They are divided into one control group and three experimental 
groups that received thyroprotein beginning at about the 50th day of lactation 
and continued throughout the lactation period. The T.D.N. consumed varied 
in the three experimental groups. 

No definite conclusions can be made concerning total production as affected 
by the experimental procedures involved because of the small number of ani- 
mals and the inability to balance inherited productive capacity among the 
groups. The indications are that the total production for the lactation of cows 
fed thyroprotein with T.D.N. at requirement would be no greater than cows 
fed T.D.N. at requirement without thyroprotein. However, the total production 
of cows H-269, J-488, and J-604 was very low. The conclusion seems justified 
that poor producing cows cannot be changed into good producers by feeding 
thyroprotein. 
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Comparative efficiency of milk production. The comparative efficiency of 
milk production by the control group and thyroprotein-fed groups is presented 
in table 2. The lactation segment from the day thyroprotein feeding was 
started to the 305th day of lactation was used for this comparison. Two animals 
(J-604 and H-272) that were fed thyroprotein at the low rate were excluded 
from these calculations. 

The F.C.M. produced, the T.D.N. consumed and weight gained during this 
period were obtained from the records. The T.D.N. assigned to maintenance 
during this period was calculated by summation of 10-day maintenance re- 
quirements based on body weight and Morrison’s standard. The T.D.N. for 
weight gain was calculated by using the figure 3.53 lb. T.D.N. per Ib. gain (17). 


TABLE 1 


805-day production records of 11 cows that have finished their first lactations en the 
thyroprotein experiment 


— Rate of . 
y thyroprotein Milk Butterfat F.C.M. 
and breed feeding 
(g-/100 Ib.) (1b.) (1b.) (lb.) 
Group 1. Control cows (fed according to Morrison’s maximum standard). 
J-491 0 5,499 286 6,488 
J-485 0 5,930 342 7,505 
H-263 0 9,625 413 10,007 
Group 2-A. Thyroprotein cows (fed according to standard). 
J-604 0.6 5,181 255 5,897 
H-268 1.5 6,853 283 6,979 
H-269 1.5 4,693 199 4,863 
J-487 1.0 6,514 346 7,804 
Group 2-B. Thyroprotein cows (fed 125% of standard last 120 days). 
1-262 1.0 12,017 501 12,330 
J-488 1.5 5,297 265 6,106 
J-489 1.5 5,778 344 7,474 
J-490 1.0 7,020 361 8,226 
Group 2-C. Thyroprotein cows (fed 125% of standard during time fed thyroprotein). 
J-496 1.0 7,683 425 J 
H-266 1.0 10,445 464 11,152 
H-272 0.6 9,055 347 8,823 


The T.D.N. consumed per 100 lb. of F.C.M. produced was calculated. A 
similar figure which excluded the nutrients used for weight gain was obtained 
when the T.D.N. assigned to weight gain was subtracted from the total T.D.N. 
intake. These two figures were used as a measure of gross efficiency for milk 
production. The net T.D.N. consumed per 100 lb. of 4 per cent F.C.M. pro- 
duced were calculated by deducting T.D.N. assigned to maintenance and weight 
gain from the total T.D.N. intake. This figure was used as a measure of net 
efficiency for milk production. The formulas used in these calculations and 
the method of calculating efficiency on the caloric basis also are indicated in 
table 2. 


The gross efficiency calculated by excluding only weight changes is probably 
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the most practical figure for comparing efficiency of milk production. Control 
cows consumed about 60 lb. (range 58-62) of T.D.N. (excluding weight gain) 
to produce 100 lb. of 4 per cent F.C.M. The thyroprotein-fed cows consumed 


TABLE 2 
Efficiency of milk production from the 50th to 305th day of lactation 


T.D.N. per 100 Ib, F.C.M. 


F.C.M. TD.N. Weight ,2-D-N- 
Cow roduced consumed ain main- Corrected 
P tenance Corrected 
Total» for weight “OF 
50th to 305th day of lactation aad nanced 
(lb.) (lb.) (1b.) (1b.) (lb.) (lb.) (lb.) 
Control cows—group 1. 
H-263 7,650 4,745 85 2,311 62.0 58.1 27.9 
. J-485 5,472 3,640 68 1,678 66.6 62.1 31.5 
* = J-491 5,036 3,134 50 1,539 62.2 58.7 28.2 
Av. 6,053 3,840 68 1,843 63.6 59.6 29.2 
Caloric efficiencye—29.4% 31.4% 64.0% 
Cows fed thyroprotein and T.D.N. at 100%—group 2-A. 
H-268 5,380 4,092 11 1,930 76.1 75.3 39.5 
H-269 3,013 3,008 80 1,711 99.9 90.5 33.7 
J-487 6,014 3,555 21 1,461 59.1 57.9 33.6 
Av. 4,802 3,552 37 1,701 78.4 74.6 35.6 
Caloric efficiencye—23.8% 25.1% 53.0% 
Group 2-B. Cows fed thyroprotein and T.D.N. at 125% during the last 120 days. 
H-262 9,536 5,895 59 2,178 61.8 59.6 36.8 
J-488 5,123 3,609 0 1,460 70.4 70.4 41.8 
J-489 6,106 4,352 72 1,593 71.3 67.1 41.0 
J-490 6,690 3,802 21 1,475 56.8 55.7 33.7 
Av. 6,864 4,415 38 1,676 65.1 63.2 38.3 
Calorie efficiencye—28.7% 29.6% 48.9% 
Group 2-C. Cows fed thyroprotein and T.D.N. at 125% during this period, 
H-266 9,267 6,014 33 2,056 64.9 63.6 41.5 
J-496 7,917 4,725 38 1,514 59.7 58.0 38.9 
Av. 8,592 5,370 36 1,785 62.3 60.8 40.2 
Caloric efficiencye—30.0% 30.8% 46.6% 


® Obtained by summation of maintenance requirements calculated every ten days. 
> Column 3 x 100 

column 2 
¢ (Column 3) — (3.53 column 4) x 100 

column 2 

4 (Column 3) — (3.53 column 4+ column 5).x 100 
column 2 
340 F.C.M.x100 _ 1870 


Caloric efficiency = 


1814 T.D.N. ~ column 6, 7, or 8. 


about 65 Ib. (range 56-90) of T.D.N. to produce 100 lb. of 4 per cent F.C.M. 
On a caloric basis, the control cows showed a gross efficiency of 31 per cent. 
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The average for all thyroprotein-fed cows was 28.1 per cent which was not sig- 
nificantly different from that of the control cows. Neither figure was signifi- 
cantly different from the value of 30 per cent as given by Brody (8). The re- 
sults of this experiment indicate that feeding a cow thyroprotein does not 
change significantly gross efficiency for milk production. 

Net efficiency for milk production has been shown to decrease as the level 
of feeding increases, but gross efficiency is essentially independent of level of 
feeding (8,11). For this reason it is not valid to compare the values obtained 
for net efficiency of cows fed extra nutrients (groups 2-B and 2-C) with the cows 
fed at requirement (groups 1 and 2-A). 

All cows in this experiment had values for net efficiency in agreement with 
the values reported for normal cows fed at their respective levels of T.D.N. in- 
take (8). This indicates that the net efficiency for milk production based on 
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Fig. 3. Effects of feeding thyroprotein with different T.D.N. intakes on the average 
heart rates of the experimental animals. 


the small number of cows fed thyroprotein in this experiment is essentially the 
same as that of normal cows fed at the same level of T.D.N. intake. 

Effect on heart rate. The average heart rate of each group in relation to 
stage of lactation is presented in figure 3. Heart rates were taken with a 
stethoscope placed on the chest wall in the region of the heart. The rates were 
observed once every 5 to 10 days, but are presented in the graph as averages 
by 25-day intervals. 

All cows had heart rates near 80 beats per minute during the first 50 days 
of lactation. Then the heart rate normally decreased to near 60 at mid-lacta- 
tion and stayed near this level for the remainder of the lactation. The heart 
rate increased an average of about ten beats per minute during the first 25 days 
after thyroprotein was fed. The heart rate then decreased at an abnormally 
rapid rate in the cows that were fed thyroprotein and T.D.N. at requirement 
(groups 2-A and 2-B). However, the heart rate increase was sustained until 
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mid-lactation in the cows fed extra T.D.N. simultaneously with the thyroprotein 
and then decreased gradually. By mid-lactation the heart rate of cows fed 
thyroprotein and T.D.N. at requirement had decreased considerably and ap- 
proached the value for normal cows. After mid-lactation the cows that re- 
mained on thyroprotein and T.D.N. at requirement (group 2-A) had heart rates 
that were similar to those of normal cows. However, when T.D.N. was fed at 
125 to 150 per cent of requirement after mid-lactation (group 2-B) the heart 
rate was increased markedly and the increase persisted. Sykes et al. (21) and 
Ritzman and Benedict (18) have shown that heart rate was affected by level 
of T.D.N. intake. 

Effect on butterfat percentage. The butterfat tests by 10-day periods for 
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Fie. 4. Effects of feeding thyroprotein on the butterfat percentages and some values 
from the literature. 


the control group and experimental groups for Jerseys and Holsteins, and also 
some values from the literature (23), are presented in figure 4. Since there 
were few control animals in the thyroprotein experiment, butterfat tests were 
obtained from other first-lactation heifers in the herd that had received the same 
ration. This provided a larger group of control cows in each breed for com- 
parison with the cows fed thyroprotein. Data obtained by Copeland from 
monthly Jersey Register of Merit records as cited by Turner (23) were con- 
sidered a reliable standard with which to compare our butterfat tests. The 
tendency toward an increase in butterfat percentage as lactation progresses 
is evident in Copeland’s data and all our groups (fig. 4). 
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Butterfat percentages given in the literature for Holstein cows are much 
lower than the percentages for the experimental and some control Holstein cows 
in our herd. In past years the Holstein heifers in our herd have had lower 
butterfat percentages than the heifers in the herd at the present time. Hence 
the values for the standard and control Holstein group are inherently lower 
throughout the entire lactation than for the Holstein cows fed thyroprotein. 

Soon after thyroprotein feeding was started, there was a marked increase 
in the mean fat percentage in the milk of the experimental Jersey and Holstein 
cows. Average butterfat tests during the month before thyroprotein took effect 
were compared with those during the month afterwards. As judged by the ‘‘t’’ 
test they showed a highly significant (1 per cent level) increase after the drug 
was fed in both the experimental Jersey and Holstein groups.. No other month- 
to-month changes in butterfat tests were significant except the decrease from 
the first to the second month in both the control and experimental Holstein 
groups. Comparisons of mean butterfat tests for each monthly period between 
control and experimental Jersey groups showed no significant difference by 
the ‘‘t’’ test at any month of lactation. Comparing the mean monthly butterfat 
tests of the experimental Jerseys with those taken from the data of Copeland 
(23) for R. of M. Jerseys showed no difference except for a significant increase 
(5 per cent level) for the first month of thyroprotein feeding. 

Comparing the mean monthly butterfat tests of experimental and control 
Holstein groups showed that the increase due to thyroprotein feeding was sig- 
nificant for only the first month of feeding. The results show that a significant 
increase in butterfat percentage was observed during the first 30 to 40 days of 
thyroprotein feeding. After about a month of thyroprotein feeding, butterfat 
tests of thyroprotein-fed cows were nvt significantly different from those of nor- 
mally fed cows. 

Rate of thyroprotein feeding. Our data do not indicate much difference 
in the amount of stimulated milk production caused by feeding thyroprotein at 
either 1.0 or 1.5 g. per 100 lb. body weight. The amount of response appears 
to be limited more by the individuality of the cow than by the difference in 
these two rates of thyroprotein feeding. It is possible that with a larger or more 
homogenous group of cows a better estimate of response in respect to dosage may 
be obtained. 

Cow J-604, when fed thyroprotein at 0.6 g. per 100 lb., showed very little or 
no stimulation in milk production and in heart rate. However, cow H-272, fed 
thyroprotein at this same rate but with extra nutrients, showed some stimula- 
tion in milk production and in heart rate after the drug was fed. The differ- 
ence in response of these two cows to the drug may have been due to individual 
variability of the cows and/or differences in feed intake. 

It appears that feeding thyroprotein at the rate of 0.6 g. per 100 lb. is too 
low to elicit a marked response with some cows. Whether smaller amounts than 
1.0 g. per 100 lb. can produce a desirable stimulation without the feeding of 
extra nutrients is still under investigation. 
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DISCUSSION 


These experiments have verified the results that others have obtained in 
short term trials in showing that feeding thyroprotein stimulates milk produc- 
tion in most cows. In addition, individual cows evidently differ widely in their 
response to the drug, and cows that were poor producers have not been changed 
into good producers by feeding them thyroprotein. During the month after 
thyroprotein feeding was started, the F.C.M. production of the cows that were 
fed thyroprotein was 108 per cent of their pre-experimental level. The corres- 
ponding figure for the control cows was 91 per cent. This gives a difference 
of 17 per cent in the amount of milk produced during the first month of feeding 
thyroprotein. This increase is comparable to that which other investigators ob- 
served in short term trials as a result of feeding thyroprotein (3, 4, 15, 25). 

Our experiments show that the period of stimulated milk production due to 
feeding thyroprotein can be lengthened by simultaneously increasing the feed 
intake of the cow to approximately 125 per cent of requirement. Also, the 
excessive decreases in body weight that occur when thyroprotein is fed and the 
T.D.N. intake is limited to requirement do not occur when the T.D.N. intake is 
increased to 125 per cent of requirement. The first report from this station 
(13) and also the report by Hibbs and Krauss (10) pointed out that milk-pro- 
duction and body-weight changes due to feeding thyroprotein were dependent 
upon the nutrient intake of the cow. 

Our limited data on total milk production for the entire lactation do not 
answer the question of whether cows fed thyroprotein and T.D.N. at require- 
ment will produce more than those not fed the drug. Indications are that total 
production for the lactation period would not be changed markedly as a result 
of feeding thyroprotein under these conditions. However, feeding T.D.N. at 
125 per cent of requirement simultaneously with thyroprotein appears to have 
resulted in increased production for the first lactation. Whether these cows 
will continue to produce increased amounts of milk during subsequent lacta- 
tions is under investigation. The amount of stimulation obtained by feeding 
control cows T.D.N. at 125 per cent of requirement was not investigated during 
the first lactation. 

One cannot help noticing the similarity between the trends in milk produc- 
tion (fig. 1) and heart rate (fig. 3). In these experiments the responses ob- 
served in heart rate and in milk production are similar. The results indicate 
that heart rate and level of milk production are functions of stage of lactation, 
T.D.N. intake and thyroid stimulation. 

Booth et al. (6) failed to find a relation between nutrient intake and heart 
rate, which is not in agreement with our data or the data of others (18, 21). 
However, the actual T.D.N. intake of the cows used by Booth et al. was not de- 
termined. Also, it has been shown that variations in heart rate may be pro- 
duced by technics used in determining rate, stage of pregency, the drying-off 
process and other factors (2, 22). These facts could explain why Booth et al. 
(6) found no relation between heart rate and level of concentrate feeding. 

Thyroprotein administration has been reported (1, 3, 4, 6, 10) to have incon- 
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sistent effects on the butterfat percentage of the milk. Some cows have shown 
increases, while others showed no change in butterfat percentage as a result of 
receiving thyroprotein. Others (15, 16, 19, 20, 25) have stated that thyropro- 
tein or thyroxine administration increased the fat percentage of the milk. In 
this experiment about 50 per cent of the first-lactation animals showed a marked 
increase in butterfat percentage after thyroprotein was fed. No animal showed 
a decrease in butterfat percentage. Evidently feeding thyroprotein increases 
the butterfat percentage in the milk of some cows and not of others. 

However, in comparing the butterfat tests of the cows that were fed thyro- 
protein with tests published in the literature and with tests of our limited con- 
trol group, no indication was found that thyroprotein feeding had any prolonged 
effect on fat percentage. According to our data, after the first 30-40 days of 
thyroprotein feeding there are no marked differences in butterfat tests between 
the cows fed thyroprotein and control cows. It appears that the butterfat test 
of thyroprotein-fed animals is increased only temporarily over that of normal 
or control animals. 

The gross efficiency for milk production of cows with and without thyro- 
protein administration was within the normal range and near the average value 
of 30 per cent as given by Brody (8). Brody further stated that the net effi- 
ciency for milk production was about 60 per cent when cows were fed T.D.N. 
at requirement. However, cows fed T.D.N. at higher levels have a lowered net 
efficiency for milk production. The values for net efficiency obtained with or 
without thyroprotein administration are similar to the values cited by Brody 
for corresponding T.D.N. intakes. Using our data to calculate the efficiency 
of milk production, the results indicate that feeding thyroprotein has not 
changed the over-all efficiency. Whether efficiency of the various metabolic 
processes has been altered cannot be determined from our data. It is interest- 
ing to note that workers (7, 24) have fed thyroprotein to pigs and found that 
efficiency of gain was reduced whenever thyroprotein was fed in amounts that 
would change the rate of gain. The decreased body weight gains and losses 
in body weight when steers and calves were fed thyroprotein (21, 22) and the 
data on pigs might indicate that the maintenance requirements of these animals 
were increased as a result of the thyroprotein feeding. One can only speculate 
whether feeding thyroprotein to the cow with the resulting increase in heart 
and respiration rates tends to change the maintenance requirement of the milk- 
ing cow without altering the over-all efficiency for milk production. 

From a practical viewpoint, efficiency is not altered by feeding thyroprotein 
at the rates used in this experiment. The cows in this experiment consumed 
about 60 lb. of T.D.N. to produce 100 Ib. of 4 per cent F.C.M. whether or not 
thyroprotein was fed. The data indicate that normal input-output relationships 
were not disturbed, at least in the first lactation. However, the economy of 
feeding thyroprotein would depend on the relative cost of the increased nu- 
trients and thyroprotein and the relation of these costs to the value of the in- 
creased milk production. More extensive experimental work on this phase of 
thyroprotein feeding is needed. 
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For the practical dairyman there are other important factors to consider. 
The effects that thyroprotein feeding might have on production in succeeding 
lactations and on the lifetime performance of the cow are undetermined. The 
effects on reproductive performance, resistance to disease and possible pre- or 
post-natal effects on the calf must be considered. These aspects will be con- 
sidered in future reports from this station. 


SUMMARY AND CONCLUSIONS 


Thyroprotein has been fed to a group of 11 cows for the first lactation begin- 
ning 50 days post-partum and continuing an average of 300 days. The follow- 
ing observations have been made: 

1. Extra feed must be fed in order to maintain body weight and milk pro- 
duction. 

2. If extra feed is not fed, the cows show a period of stimulated milk pro- 
duction followed by a rapid decline in both body weight and milk production. 

3. When extra feed (25 per cent above requirement) and thyroprotein were 
fed simultaneously, high production was maintained throughout the lactation 
period. 

4. The gross efficiency for milk production apparently was unaltered by feed- 
ing thyroprotein. Also the net efficiency for the corresponding level of nutrient 
intake was vuchanged. 

5. The fat percentage in the milk of thyroprotein-fed cows was increased 
above that of normally-fed cows for a period of only 30 to 40 days. 

6. Heart rate was increased by feeding thyroprotein. The increase was sus- 
tained throughout lactation when T.D.N. was fed at 125 per cent of require- 
ment, but the heart rate was increased temporarily, then decreased rapidly if 
T.D.N. were fed at requirement. It was pointed out that heart rate, like milk 
production, definitely was related to level of T.D.N. intake, stage of lactation, 
and thyroprotein administration. 

7. Cows that are poor producers respond less than cows that are good pro- 
ducers, so it is not possible to make a good cow from a poor cow by administer- 
ing thyroprotein. 

8. Since all the effects of feeding thyroprotein to producing dairy cows have 
not been determined at this time there is no sound basis on which one can make 
recommendations to the practical dairyman concerning the advisability of feed- 
ing thyroprotein. 
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SEMEN PRODUCTION AND FERTILITY OF DAIRY BULLS FED 
RATIONS CONTAINING PROTEINS OF PLANT 
AND ANIMAL ORIGIN 


CECIL BRANTON,1 R. W. BRATTON, anp G. W. SALISBURY2 
Laboratory of Animal Breeding and Artificial Insemination, 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


The effect of the source of protein in the rations of mature dairy bulls used 
in artificial breeding has received little attention in this country (14). How- 
ever, a number of Russian workers (16, 19, 20, 28, 29) have stressed the neces- 
sity of including animal proteins in the rations of stud bulls. 

The feeding and management practices in Russia differ considerably from 
those in general use in this country. Bulls used in studs in Russia in many 
instances have been fed rations very low in protein (19, 28, 29). Also, their 
practice (12, 13, 16, 20, 33) has been to use bulls periodically and collect semen 
from them much more frequently during these periods than has been done in 
the United States. Furthermore, it appears that only a few bulls have been 
studied and these for short periods of time by these workers (12, 13, 20, 28). 
Since the authors have seen only the abstracts of these papers, the experimental 
designs employed cannot be evaluated. 

Although the Russian workers have concluded that the animal proteins con- 
tained in blood meal and skim milk caused marked improvement in sperm re- 
sistance and concentration and apparently affected spermatogenesis favorably, 
the authors believe these conclusions are open to question. Bratton (7) found 
that for dairy cows, protein quality apparently was of little practical impor- 
tance when the ration consisted of common roughages and concentrates. Tank- 
age, fish meals and dried blood meal have been compared with vegetable pro- 
tein supplements such as soybean oil meal, cottonseed meal and linseed meal in 
the ration of lactating dairy cows (2, 3, 4, 17). Milk production was either 
slightly lower or about equal for the cows fed the animal proteins as compared 
to the production of the cows fed the protein supplements of vegetable origin. 
Recent studies (8, 10, 11, 21, 32, 34, 35, 36) have shown that proteins may be 
synthesized by the bacteria of the rumen from simple nitrogenous compounds 
such as urea and some ammonium compounds. Such evidence suggests there 
should be no advantage in feeding animal proteins as compared to vegetable 
proteins as supplements in the ration of dairy bulls when the level of digestible 
protein is adequate. 

Because the evidence published by the Russian investigators (16, 19, 20, 28, 
29) was not conclusive and seemed to be contradicted by the investigations on 
quality of protein for the dairy cow and experiments involving the synthesis 
of proteins in the rumen, the experiment reported herein was undertaken. The 
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purpose of this investigation was to relate differences in measurable semen 
characteristics and relative fertility of dairy bulls used routinely in artificial 
insemination to concentrate mixtures containing primarily either animal or vege- 
table sources of supplementary protein. 


EXPERIMENTAL METHODS AND MATERIALS 


Feeds used. Since cereal grains and their by-products are decidedly in- 
ferior to such food as milk in the quality of protein contained and since the 
proteins of corn grain are low in lysine and tryptophane (18), an all-cereal 
concentrate mixture containing corn gluten feed as the protein supplement was 
chosen for study. In contrast, skim milk powder, which contains an abundance 
of protein of exceptionally high quality and which supplements so as to correct 
the deficiencies in the proteins of the cereal grains, was chosen as an animal source 
of supplementary protein. Soybean oil meal, though of plant origin, is espe- 
cially rich in protein, and its protein is of excellent quality (18). Therefore, 
it was chosen as representative of a good plant protein. Timothy hay was used 
as the only roughage because it is low in protein, is readily available and is not 
recommended by Morrison (18) when a feed such as corn gluten feed, corn 
gluten meal, brewers’ dried grains or distillers’ dried grains is the protein sup- 
plement. 

In a previous study reported by the authors (6), it was found that a concen- 
trate mixture containing approximately 12 per cent protein, when fed with 
mixed hay, supplies sufficient protein for the maintenance of body weights as 
well as semen production of bulls. However, since timothy hay was selected 
instead of mixed or legume hay and since comparisons between protein supple- 
ments were being made, the concentrate mixtures were made to contain approxi- 
mately 16 per cent protein (calculated). Also, it was reported by these authors 
(6) that T. D. N. intakes of approximately 110 per cent of the recommended 
maintenance requirements for dry dairy cows of equivalent weights (18) were 
required to maintain the body weights of bulls. The amounts of roughage and 
concentrates were adjusted to furnish this level of T. D. N. intake, with ap- 
proximately 40 per cent of the T. D. N. intake furnished by the concentrates. 

The ingredients used to make up each of the concentrate mixtures, the chem- 
ical analyses of each mixture and that of the hay, and the cost per ton of each 
concentrate are given in table 1. 

The feeding schedule for each bull was based on initial body weight. This 
schedule was not altered as a consequence of subsequent changes in body weight 
of individual bulls during the three experimental periods. 

Management of bulls. All bulls were exercised daily in a small dry lot or 
on a mechanical exerciser. The latter exercise was equivalent to a slow walk 
for approximately 1 mile. Throughout the experiment, each bull was used for 
service approximately once every 13 days, at which time one, two or three 
ejaculates were collected. Occasionally a fourth ejaculate was collected. 

The experimental design. For the study of the three protein supplements, 
a ‘‘double change over’’ design, as described by Cochran et al. (9), involving 
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three 120-day periods, was employed. One Ayrshire, eleven Holstein-Friesian, 
and six Guernsey bulls, averaging 7.64 + 0.44° years of age and 1866 + 67° lb. 
in body weight, were selected from the stud of the New York Artificial Breeders’ 
Cooperative, Inc., on the basis of their previous semen production and fertility 
records and the likelihood that they would remain in active service throughout 
the 360-day experiment. Assignment to the six groups was made on the basis 
of information available concerning each bull’s semen production, fertility and 
body weight. The assignment of the sequences of the concentrate mixtures A, 
B and C to each bull was done in the manner described by Cochran et al. (9). 


TABLE 1 
Ingredients and chemical composition of the concentrate mixtures and hay 


Concentrate mixtures 


Hay 
A B C timothy 

Ingredients (1b.) (1b.) (1b.) 
Hominy feed 635 760 820 
500 610 660 
Wheat bran 200 200 200 
20 20 20 
Salt 20 20 20 

Chemical composition® (%) (%) (%) (%) 

Moisture 10.49 10.16 14.46 7.76 

14.00 14.78 14.73 6.03 

Ether extract 3.69 3.12 2.08 1.46 

Crude fiber 8.87 6.12 8.17 39.23 

Nitrogen-free extract ...ccccccccceccsn 57.15 60.06 55.35 41.77 

Ash 5.80 5.76 5.21 3.75 

100.00 100.00 100.00 100.00 

Total digestible nutrients (%)» ..... 76.13 77.60 77.05 51.60 
Cost per ton (dollars)© cen 70.60 120.50 71.20 


a By analysis. 
> By calculation. 
¢ Actual cost at time of experiment. 


The experimental design employed randomly distributed the seasons of the year 
throughout the treatments. 

Measurements of the results. The following criteria were used to evaluate 
the semen samples: volume, per cent of motile spermatozoa (5), concentration 
(numbers of spermatozoa per mm.*) (25), and methylene blue reduction time 
(37). Each semen sample which met the specifications for use in artificial in- 
semination was diluted with yolk-citrate-sulfanilamide diluent (27) and shipped 
by the Cooperative to its affiliated local units throughout New York State for 

3 Standard error of mean. 
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use in inseminating cows. Semen samples which did not meet the specifica- 
tions for shipment were discarded. This fact itself was used as an additional 
over-all criterion of semen quality. 

The semen dilution rates employed varied from 1:30 to 1: 125, depending 
on the need for semen on any particular day. These varying rates were not 
confounding factors within the experiment, as has been shown by investigations 
of Salisbury (24, 26). 

The fertility of the semen samples was determined from the number of serv- 
ices to cows being bred artificially for the first time or for the first time after 
calving and whether or not these cows returned to artificial service during a 
period of 60 to 90 days. Fertility is expressed as the per cent non-returns 
to first services. 

In order to establish the initial body weight and an indication of body 
weight changes of each bull, the bulls were weighed on 3 consecutive days at the 
beginning of the experiment and at the end of each 120-day experimental period. 

Data were recorded routinely on the characteristics of each ejaculate of 
semen produced by each bull at each collection period, on the fertility of the 
semen used for insemination and on the changes in body weights of the bulls. 
For the statistical analyses of the semen characteristics, the values for each 
ejaculate were used as single observations. Since the number of ejaculates per 
bull varied, the significance of treatment differences was tested after correcting 
for unequal subclass numbers in the analysis of variance (15, 31). 


RESULTS AND DISCUSSION 


The results of the investigation are presented in three parts, namely, the 
characteristics of the semen produced, the fertility of the semen used and the 
changes in body weights of the bulls. 

Characteristics of the semen. The number of ejaculates and the mean values 
for the different characteristics used in the evaluation of the semen are shown 
in table 2. These means represent first, second, third and, in a few instances, 
fourth ejaculates. 

The analyses of variance of the data on the semen characteristics revealed 
that except for significant differences between individual bulls, groups of bulls 
and experimental periods, all of which were expected, the only significant dif- 
ference for treatments was between the average volume per ejaculate produced 
by the bulls on concentrate mixtures A or B as compared to those on concen- 
trate mixture C. Although the average volume of the ejaculates of the bulls on 
concentrate mixture C was significantly lower (at the 1 per cent level of prob- 
ability) than that of the bulls fed either mixture A or B, this was not consid- 
ered to be a difference of any practical importance. The results as shown in 
table 2 are interpreted to mean that corn gluten feed, skim milk powder or 
soybean oil meal as protein supplements in the concentrate mixture fed with 
timothy hay to bulls used routinely in artificial insemination are of equal value 
for semen production. 
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TABLE 2 
Summary of semen characteristics 


Semen characteristics 


Number Methy- 


Concentrate mixture ‘ of lene Ejacu- 
Vol. sperm blue re- 
sp per mm.* duction shipped 
semen time 


(ml.) (%) (x 103) (min.) (%) 
A—Corn gluten feed 


Mean 6.33 72.8 1160 5.75 68.0 

Number of ejaculates. .................. 253 253 253 229 253 
B—Skim milk powder 

Mean 6.39 69.5 1159 5.48 65.2 

Number of ejaculates. .................. 260 256 258 226 259 
C—Soybean oil meal 

Mean _ 5.85 69.4 1133 5.71 61.3 

Number of ejaculates ................. 279 275 277 239 279 


These findings are in agreement with those of Reid et al. (22, 23) who com- 
pared the effect of feeding a simple concentrate mixture containing ground 
yellow corn, beet pulp, corn gluten meal, cane molasses and iodized salt with 
that of feeding a complex mixture containing linseed meal and soybean meal 
as the protein supplements on the semen production of young bulls. These 
workers (23) report that ‘‘regardless of the diet fed, the concentration of sper- 
matozoa in semen, the initial motility, the degree of livability, the size of the 
spermatozoa, the quantity of total reducing substances, reducing substances in 
oxidized state, potential reducing capacity, ascorbic acid, and the initial pH of 
the semen of bulls’’ from 18 to 33 months of age were similar. However, it 
should be pointed out that these investigators (22, 23) fed no protein supple- 
ment of animal origin, and they were not dealing with mature dairy bulls. 

On the other hand, the results reported in this paper do not confirm those 
of the Russian investigators (16, 19, 20, 28, 29). 

Fertility of the semen used. Fertility data were obtained only on those 
ejaculates meeting the relatively high standards of semen quality required by 
the New York Artificial Breeders’ Cooperative, Inc. These data, presented 
in summary form in table 3, show, by treatments, the total number of first serv- 


TABLE 3 
Summary of fertility data 


Fertility criteria 


Treatments Total first Total 60-90-day % 60-90-day 
services non-returns non-returns 


Concentrate mixture: 


A—Corn gluten feed 15,827 10,058 63.5 
B—Skim milk powder . 16,692 10,285 61.6 
C—Soybean oil meal 15,252 10,026 65.7 
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ices, the total number of 60—90-day non-returns and the calculated per cent non- 
returns. When the per cent non-returns for each semen sample was used as 
a single observation, the analyses of the variance showed that the semen used 
from bulls fed concentrate mixture C (soybean oil meal as the protein supple- 
ment) gave an average fertility level that was significantly higher at the 1 per 
cent level of probability than that from the bulls fed concentrate mixture B 
(skim milk powder as the protein supplement). However, the average differ- 
ence in fertility of the semen from bulls on all three of the concentrate mixtures 
was small. 

The authors have no explanation as to why the fertility of the semen from 
bulls receiving the concentrate mixture containing skim milk powder as the 


TABLE 4 
Initial body weights and body weight changes 


Initial Body weight changes (Initial minus end of period)® 


Bull 
body weight End of period1  Endof period2 End of period 3 

(1b.) (1b.) (1b.) (1b.) 
1 1898 62 82 —55 
2 1975 65 57 —82 
3 1525 29 101 -38 
4 2094 74 -25 
5 1959 56 139 -17 
6 1945 -22 
7 2044 96 146 -12 
8 1959 —23 86 1 
9 2013 90 39 -28 
10 2123 5 19 ~89 
11 2207 63 109 -97 
13 1421 64 19 -19 
14 1623 47 79 -16 
15 1559 -27 19 -47 
16 1695 ~ 5 99 18 
17 1642 8 113 -52 
18 1458 84 
Means 1866 29 78 ~35 


* Body weight changes were based on the weight at the beginning of the experiment. 


protein supplement was the lowest. Certainly, there appears to be no advan- 
tage of feeding skim milk powder as a protein supplement instead of corn 
gluten feed or soybean oil meal for periods of 120 days to bulls used for arti- 
ficial breeding when these bulls are receiving timothy hay as the only roughage. 
Since the cost of the concentrate mixture containing the skim milk powder is 
almost twice that of either of the other concentrate mixtures (table 1), these 
findings are of economic importance. 

Body weight changes. The initial body weight and body weight changes for 
individual bulls, and the respective means for all bulls used in this experiment 
are given in table 4. 

As stated previously, an attempt was made in this study to maintain body 
weights of the bulls by feeding at the rate of 110 per cent of the recommended 


298 CECIL BRANTON ET AL. 


T. D. N. requirements for the maintenance of dry dairy cows. As shown in 
table 4, the body weight changes during periods 1 and 2 were mostly increases, 
but during period 3, mostly decreases. The reason for the decrease in body 
weight of practically all the bulls during the last experimental period is not 
apparent, since the composition of the concentrate mixtures and the quality of 
the timothy hay fed appeared to be about the same through the experiment. 
However, the last period was during the warm months, June, July, August, 
September and October. 
SUMMARY 


Using 18 bulls, 11 Holstein-Friesians, 6 Guernseys and 1 Ayrshire, studies 
were conducted relating differences in measurable semen characteristics and 
relative fertility to concentrate mixtures containing corn gluten feed, skim milk 
powder or soybean oil meal as the protein supplement when fed with timothy 
hay as the only roughage. 

The results, as judged by the averages for volume of semen per ejaculate, 
per cent of motile spermatozoa and their rates of motility, the number of sper- 
matozoa per mm.° of semen, the methylene blue reduction time and the per 
cent of usable samples during a 120-day period, showed that corn gluten feed, 
skim milk powder and soybean oil meal were approximately equal in value as 
protein supplements in the concentrate mixture. 

Based on 60 to 90 days non-returns to first service cows, the average fertility 
levels of the semen produced when the bulls were fed corn gluten feed, skim 
milk powder and soybean oil meal were 63.5, 61.6 and 65.7 per cent, respectively. 
While the average per cent non-returns was significantly higher during the 
periods when soybean oil meal was fed as compared to the periods when skim milk 
powder was fed, the difference was relatively small and it is doubtful whether 
any real advantage lies with the soybean oil meal. In these studies, animal 
protein was not superior to the plant proteins. The monetary economy of the 
particular plant protein sources used in these trials was much greater than for 
the animal protein source. 

A T. D. N. intake of 110 per cent of Morrison’s recommended requirements 
for the maintenance of dry dairy cows of equivalent weight resulted in con- 
sistent body weight increases for all bulls during the first 240 days but con- 
sistent decreases during the last 120 days of the experiment. While the de- 
creases occurred during the summer and early fall months, it was not definitely 
established whether the observed decreases represented a true cause and effect 
relationship. 
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A STUDY OF THE USE OF THE ANTIOXIDANT NORDIHYDROGUAIA- 
RETIC ACID IN DAIRY PRODUCTS. III. ITS ANTIOXYGENIC 
PROPERTIES IN SWEETENED FROZEN CREAM 


J. W. STULL, E. O, HERREID, AND P. H. TRACY 
Department of Food Technology, University of Illinois, Urbana 


Sucrose sometimes is added to cream which is to be stored frozen in order to 
lessen the undesirable destabilizing effect on the fat emulsion during freezing 
and thawing (3, 4, 6, 8, 9,10, 13). Furthermore, some investigators (7, 9, 12) 
have found that added sucrose will retard slightly the development of oxidized 
flavor. 

It has been shown (11) that nordihydroguaiaretie acid (NDGA) will retard 
the development of oxidized flavor in unsweetened frozen cream. The work re- 
ported herein consists of a study in which NDGA was used to retard the de- 
velopment of oxidized flavor during the storage of sweetened frozen cream. 


EXPERIMENTAL PROCEDURE 


Cream of both high and low quality was used in this study. Standard plate 
count (1), acidity and pH were the quality criteria (table 1). 


TABLE 1 
The standard plate count, titratable acidity and pH of the raw and pasteurized cream 


Low quality High quality 
Raw Cream SeriesAgB SeriesE§F SeriesC§D SeriesGgH 
Standard plate count/Ml. 1,000,000 600,000 135,000 180,000 
Titratable acidity (as % lactic acid)... 0.19 0.18 0.125 0.13 
pH (25° C.) 6.70 6.70 6.90 6.80 
Pasteurized Cream 150° F. 170° 150° F. 176° F. 
Standard plate count/ml. 5,500 500 300 400 
Titratable acidity (as % lactic acid)..... 0.19 0.17 0.13 0.13 
pH (25° C.) 6.65 6.70 6.75 6.90 


The different batches of cream were standardized to contain 40 per cent milk 
fat and 10 per cent sucrose. NDGA was added before pasteurization as a 15 
per cent solution in propylene glycol or as a 5 per cent water suspension. The 
concentrations of NDGA were computed on the basis of the fat content of the 
cream. When used, copper was added before pasteurization at a concentration 
of 0.5 p.p.m. as a 0.5 per cent aqueous solution of copper sulfate. 

The cream was pasteurized in well-tinned equipment, cooled to 40 to 45° F., 
sealed in tinned cans holding 300 ml. and stored at —-12 to-20° F. To examine 
for monthly flavor defects the frozen cream was thawed by holding it 24 hours at 
40° F. It was then held at 40° F. for 1 week and again examined for flavor 
defects. The judging panel consisted of three or more persons. 
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RESULTS 


The data in table 2 are typical of results obtained with cream placed in 
storage during January and February. There were no significant differences in 
the antioxygenic effectiveness of the NDGA when added in propylene glycol 
solution and when added in a water suspension. Therefore, the data presented 
in table 2 include only results from cream treated with NDGA in propylene 
glycol solution. 

The effect of concentration of NDGA. A concentration of 0.005 per cent of 
the antioxidant was more effective than one of 0.00125 per cent. This is shown 
in the results obtained with the cream of series D (table 2) at the end of 12 
months and the cream of series B after storage for 8,10 and 12 months. In the 
former case, oxidized flavor was present at the end of storage for 12 months at 
sub-zero temperatures plus 1 week at 40° F. in the cream containing 0.00125 
per cent NDGA, but was not present in the cream which contained 0.005 per 
eent NDGA. In the latter case, oxidized flavor was present at the end of 
storage for 8 months at sub-zero temperatures in the cream containing 0.00125 
per cent NDGA but was not detected in the cream containing 0.005 per cent 
antioxidant until the end of 12 months; at that time the intensity of the off 
flavor was less in the sample containing 0.005 per cent NDGA. 

The effect of pasteurization temperature. Oxidized flavor development was 
retarded by pasteurization at 170° F. for 15 minutes. This substantiates the 
results obtained in other investigations dealing with the factors affecting the 
keeping quality of frozen cream (2, 5, 11). 

Oxidized flavor was present after 2 months in the control sample of series B 
while it did not develop during storage at sub-zero temperatures until after 10 
months in the similar cream (series F) which was pasteurized at 170° F. for 
15 minutes. There was no oxidized flavor in the cream of series G, while the 
off-flavor was present at the end of 8 months storage in the control sample of 
the cream (series C) pasteurized at 150° F. for 30 minutes. The oxidized 
flavor was present after storage for 2 months in the control sample of series D 
while there was no development of typical oxidized flavor in the control sample 
of the similar cream (series H) pasteurized at 170° F. for 15 minutes. 

While keeping quality of the control samples of the cream pasteurized at 
170° F. for 15 minutes was superior to those pasteurized at 150° F. for 30 
minutes, the former had a cooked flavor which persisted throughout the storage 
period. The keeping quality of the cream which was pasteurized at 150° F. 
for 30 minutes and which contained NDGA was comparable to that of the cream 
pasteurized at 170° F. for 15 minutes but which contained no added antioxidant. 

The effect of quality of the cream. Oxidized flavor was present at the end 
of 8 months storage in the control sample of the high-quality cream of series C 
which contained no added copper, whereas there was no oxidized flavor develop- 
ment in the similar low-quality cream (series A). There was a similar differ- 
ence in the keeping quality of the low- and high-quality cream containing added 
copper (series B and D, respectively). 
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In the case of cream pasteurized at 170° F. for 15 minutes, there was little 
difference in the keeping quality of the high- and low-quality cream. The con- 
trol sample of the low quality cream (series F) developed oxidized flavor at 
the end of storage for 10 months but the similar high quality cream (series H) 
did not develop the typical oxidized flavor during 12 months storage. 

In the study, therefore, the low quality cream which was pasteurized at 150° 
F. for 30 minutes had a better keeping quality than the high quality cream 
pasteurized in the same manner. In the case of cream pasteurized at 170° F. 
for 15 minutes, the high quality cream had better keeping quality than the low 
quality cream pasteurized in the same manner. 

The effect of holding the thawed cream at 40° F. for 1 week. Oxidized 
flavor sometimes developed in the cream which was held at 40° F. for 1 week 
although it did not have that off-flavor when it first was taken out of storage at 
sub-zero temperatures. This relationship was illustrated in the sample con- 
taining 0.00125 per cent NDGA in series B at the end of 12 months, in the con- 
trol sample of series C at the end of 2, 4 and 6 months, and in the control 
sample of series F at the end of 4, 6 and 8 months. 

After storage for 1 week at 40° F., oxidized flavor usually increased in in- 
tensity in the control samples which had that off-flavor when they first were 
taken out of storage. This is the case in the control samples of series B at the 
end of 4, 6, 8, 10 and 12 months, series C at the end of 8, 10 and 12 months, 
series D at the end of 2 months and Series F at the end of 10 and 12 months. 
However, the intensity of oxidized flavor did not increase during storage at 40° 
F. in the samples which contained NDGA. This is shown in series D at the 
end of 8, 10 and 12 months in the cream containing 0.00125 per cent NDGA and 
at the end of 12 months in the cream containing 0.005 per cent NDGA. 


CONCLUSIONS 


1. Concentrations of 0.00125 to 0.005 per cent (butterfat weight basis) nordi- 
hydroguaiaretic acid were found to retard the development of oxidized flavor 
in sweetened frozen cream during storage for 12 months. 

2. In the absence of added copper, the keeping quality of the cream which 
contained nordihydroguaiaretic acid and was pasteurized at 150° F. for 30 
minutes was comparable to that pasteurized at 170° F. for 15 minutes but to 
which the antioxidant had not been added. 

3. In this study, the low quality cream pasteurized at 150° F. for 30 min- 
utes had a better keeping quality than the high quality cream similarly pas- 
teurized. 

4. During storage for 1 week at 40° F., oxidized flavor developed frequently 
in the control samples which did not have the off-flavor when they first were 
taken out of storage at sub-zero temperatures. This development of oxidized 
flavor occurred only in one instance in the cream which contained nordihydro- 
guaiaretic acid. 

5. During storage for 1 week at 40° F., the intensity of oxidized flavor 
usually increased in the control samples which had the off-flavor when they 
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first were taken out of storage at sub-zero temperatures. This did not occur 
in the oxidized samples which contained nordihydroguaiaretic acid. 
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THE RELATIONSHIP OF ASCORBIC ACID TO THE DEVELOPMENT 
OF OXIDIZED FLAVOR IN MARKET MILK 


W. H. CHILSON, W. H. MARTIN, anv D. B. PARRISH 
Kansas Agricultural Experiment Station 


The flavor known as oxidized and often called cappy, cardboard, oily or tal- 
lowy, is one of the most troublesome off flavors in milk, especially during the 
winter months. Although much work has been done on oxidized flavor during 
the past quarter century, neither the cause nor the remedy of the defect has 
been determined satisfactorily. Data recently published seem somewhat con- 
tradictory to previous work on oxidized flavor. This study was conducted to 
gain more knowledge of the causative factors involved in the development of 
the oxidized flavor of milk and to seek some practical control measures. 


REVIEW OF LITERATURE 


This review will include only the work which seems to have a direct bearing 
upon this particular study. 

After reviewing past research on the development of oxidized flavor in 
milk, Brown and Thurston (1) concluded that copper, sunlight and the pres- 
ence of oxygen promote the development of oxidized flavor. Milk known as 
‘*spontaneous”’ milk will develop an oxidized flavor without the aid of either 
copper or light. Ascorbic acid and other anti-oxidants were found to retard 
or inhibit the development of oxidized flavor when added to milk. Their re- 
view of some research indicates several other factors such as feed, temperature 
and season that may be involved in the production or inhibition of oxidized 
flavor under commercial conditions. A more recent review by Greenbank (6) 
summarizes the early work and emphasizes newer research and theories. The 
possible role of ascorbic acid in the development and inhibition of oxidized flavor 
is well presented in this review. 

Beck et al. (2) found a marked relationship between color intensity or caro- 
tene content of milk and its susceptibility to oxidized flavor, the higher caro- 
tene milk being less susceptible. They were successful in preventing oxidized 
flavor in raw milk by feeding a concentrate containing as little as 206 mg. of 
carotene per head daily to cows that consistently had been producing milk with 
this off flavor. 

Josephson et al. (7) found that under experimental conditions of exposing 
milk to sunlight, the loss of ascorbic acid was rapid, with only insignificant 
quantities remaining after 30 minutes. Even in the shade the loss of this vita- 
min was quite rapid. In their survey of route deliveries they found that 70 
percent of all retail milk is removed from the doorstep within 5 minutes after 
delivery, or is protected from light. The loss of ascorbic acid was found to 
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be considerable while the milk was in transit if not properly protected from 
direct light. 

Chilson (3) found that by adding ascorbie acid to pasteurized milk proc- 
essed under laboratory conditions the development of the oxidized flavor could 
be retarded for several days. He suggested that an enzyme was present in 
skim milk which catalyzed the oxidation of the fat, since the oxidized flavor 
did not develop in milk prepared from skim milk which had been heated to 
170° F. for 30 minutes and then mixed with unheated cream. He also re- 
ported no appreciable loss of ascorbic acid when milk was heated to 200° F. 
and held for 30 minutes, but about 7 per cent loss occurred when milk was held 
at 143° F. for 30 minutes. It was assumed that the heating of milk to above 
170° F. destroyed the oxidizing enzyme which was responsible for the destruc- 
tion of ascorbic acid and the development of this oft flavor. 

Gjessing and Trout (4) found that milk pasteurized at 67° C. (167° F.) for 
30 minutes exhibited marked stability of ascorbie acid with no development of 
oxidized flavor after storage for 3 days, even when 0.13 mg. of copper per 1. had 
been added. They believed that the protection was due to the liberation of sul- 
phides and other reducing agents at this high temperature. 

Olson and Brown (9) have demonstrated that washed cream from sus- 
ceptible milk does not develop an oxidized flavor when contaminated with copper 
and stored for 3 days. However, when washed cream from the same source, 
likewise contaminated with copper, was fortified with ascorbic acid, a strong oxi- 
dized flavor developed. 

More recent work by Krukovsky and Guthrie (8) has shown that complete 
and rapid destruction of ascorbic acid by light or hydrogen peroxide will pre- 
vent the development of an oxidized flavor. These workers also have shown 
that ascorbic acid is an important link in a chain reaction promoting oxidation 
of milk fat. 

Greenbank (5) explains the effect of either addition or destruction of as- 
corbie acid in relation to changes in the oxidation-reduction potential. The 
ability of a sample of milk to develop an oxidized flavor seems to be related 
closely to the Eh value and the poising action of the milk. However, some 
workers do not consider the O-R potential as a reliable index to oxidized flavor 
development (10). 

METHODS 


In preliminary studies prior to the organization of this experiment, six lots 
of milk collected during November and December were treated with 1.5 g. of 
ascorbie acid per 100 lb. of milk. These samples were stored for 5 days and 
examined for oxidized flavor after 0, 2, 3 and 5 days. The six control samples 
developed a distinct oxidized flavor by the fifth day or earlier, while no oxi- 
dized flavor was detectable in any samples treated with ascorbic acid. In these 
comparisons no chemical analyses were made to determine the amounts of as- 
corbic acid present or the rate of destruction during storage. 

In the first part of this investigation the relationship between the destruc- 
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tion of ascorbic acid in milk and the incidence of oxidized flavor was studied. 
The two trials, each consisting of four split batches of milk, represented a com- 
parison between milk fortified with ascorbic acid and non-fortified milk. The 
first trial was conducted in February and March when the cows were on winter 
feed and the second trial in April and May when the cows were on grass. 

In the second part of this investigation the effect of subjecting the milk to 
various light exposures upon the ascorbic acid content and the incidence of oxi- 
dized flavors was studied. All milk used was fortified with ascorbic acid as de- 
scribed above. In three trials the ascorbic acid content was determined before 
and after exposure to light, and each sample was analyzed for ascorbic acid 
and tasted for oxidized flavor daily during the 5-day storage period. 

In the third part of the investigation the incidence of oxidized flavor was 
compared when samples were treated by adding 30 mg. of ascorbic acid per 1. 
of milk to inhibit development of the flavor, and when the ascorbic acid was 
destroyed by exposure of the milk to intense sunlight or by oxidation resulting 
from the addition of 0.1 ml. of 30 per cent hydrogen peroxide per 1. of milk. 
The effect of sunlight upon flavor also was tested by subjecting to sunlight the 
milk in which the ascorbic acid had been destroyed through the addition of 
hydrogen peroxide. The exposure to direct sunlight was for 0.5 hour in each 
instance. 

In the fourth part of this investigation a preliminary test was made, whereby 
samples of milk were subjected to conditions similar to those of commercial 
handling and retail delivery. In the first trial, milk fortified with ascorbic 
acid was stored 24 hours, then carried in a covered delivery truck in standard 
bottle cases for 3 hours (5 to 8 a.m.) and then exposed to daylight in the shade 
for 0.5 hour (8 to 8:30 am.). Ascorbic acid determinations were made after 
each successive treatment and the milk was examined for oxidized flavor after 
storage for 3, 5 and 7 days. In the second part of the trial three quarts of 
unfortified milk were taken from the bottle filler; one quart was placed in stor- 
age as a control, and two quarts were carried on the delivery truck from 9: 30 
a.m. to 12 noon. Then one bottle was placed in the shade for 1 hour while the 
other bottle was subjected to direct sunlight for 15 minutes. 

The milk used for comparisons was pasteurized by the holder method. All 
equipment used was of stainless steel construction except the cooler which was 
tinned copper with no copper exposed. Samples were stored for from 0 to 7 
days in a cabinet refrigerator at 35 to 40° F. and protected from light. The 
ascorbie acid content of the original milk and the milk at selected periods dur- 
ing storage was determined by the method of Woessner et al. (11). All sam- 
ples were tested organoleptically by two experienced judges of milk flavors at 
the same period when analyzed for ascorbic acid content. The ascorbic acid 
was added to the milk in the vat after pasteurization previous to cooling, at 
the rate of 1.5 g. per 100 lb. of milk. Ascorbic acid powder, sufficient for 100 
gallons of milk, was dissolved in a pint of water before being added to the milk. 
The milk used was from the Kansas State College herd and had been found 
susceptible to the development of oxidized flavor. 


| 
| 
‘ 


ASCORBIC ACID AND OXIDIZED FLAVOR 309 


RESULTS 


Both the control milk and the ascorbic acid fortified milk averaged slightly 
higher in ascorbic acid content when the cows were grass-fed than when cows 
were fed winter rations (table 1). However, the addition of 1.5 g. of ascorbic 
acid per 100 lb. of milk increased the ascorbic acid content of the fortified milk 
to approximately three times that of the control milk in both trials. The aver- 
age losses of ascorbic acid in the two trials with control milk were quite simi- 
lar; they were in excess of one-fifth of the original content after one day’s 
storage, about one-half by the second day, three-fourths by the third day, and 
more than 90 per cent after 5 days’ storage. Although more milligrams of as- 
corbie acid were lost daily in the fortified milk than in the non-fortified, in 
general, the percentage loss was at a much less rapid rate. The average losses 
with fortified milk were quite similar in both trials; the loss during the first 
day of storage was less than one-tenth ia both trials, slightly more than one-fifth 
for both trials after 2 days, about one-third by the third day, and about one- 
half of the original after 5 days of storage. Even after 5 days of storage, the 
fortified milk contained about one-half more ascorbic acid than the control milk 
contained originally. No oxidized flavors were detected in the fortified milk 
during a 5-day storage period in the first trial or during a 7-day storage in the 
second trial. However, in the control samples, oxidized flavors began to de- 
velop on the second day of storage and became increasingly frequent with 
longer storage periods. These results indicate that the addition of 1.5 g. of 
ascorbic acid to 100 lb. of milk was sufficient to inhibit the development of oxi- 
dized flavor during a normal storage period. The general effect of grass feed- 
ing was to delay the appearance of oxidized flavor by 1 additional day. This 
could be of considerable importance in commercial milk distribution. 

Results of three trials to determine the effects of various periods of ex- 
posure and various intensities of light upon the ascorbic acid content of forti- 
fied milk are shown in table 2. In trial I, exposure of milk for 1 hour in the 
shade caused an immediate reduction from 38.3 to 23.2 mg. (about 40 per cent) 
in the ascorbic acid content, while exposure for the same period to direct sun- 
light caused a reduction from 38.3 to 8.6 mg. (about 78 per cent). Further 
reductions in ascorbie acid occurred throughout the period of storage. Oxi- 
dized flavors were detected on the third day of storage in milk that had been 
exposed to daylight in shade, but milk exposed to direct sunlight had a pro- 
nounced oxidized flavor after only 1 day of storage. 

In trial II exposure of milk to daylight on a cloudy day for one-half hour 
caused a loss from 43.6 to 27.9 mg. (about 36 per cent) of the ascorbic acid 
present, and oxidized flavor developed after only 1 day of storage. The in- 
stability of ascorbic acid when milk is exposed to direct sunlight was measured 
in more detail during trial III. Milk exposed for 5 minutes lost approximately 
half of its ascorbic acid, and milk exposed 20 minutes lost about 90 per cent, 
while milk exposed for 40 minutes lost practically all ascorbic acid. The oxi- 
dized flavor was detected after storage for 1 day of milk which had been ex- 
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posed 5, 10 or 20 minutes. On succeeding days of storage the oxidized flavor 
became more pronounced. No oxidized flavor was detected in any of the stored 
samples of milk which had been exposed 40 or 60 minutes to direct sunlight. 
It would seem that the rapid and rather complete reduction in the ascorbic acid 
content of the milk tended to inhibit the development of the oxidized flavor. 
These latter samples had a pronounced cooked or burnt flavor after 24 hours 
of storage, but the off flavor gradually disappeared as storage time was ex- 
tended. 

Krukovsky and Guthrie (8) have reported that oxidized flavor in milk can 
be inhibited by the complete destruction of ascorbic acid through either ex- 
posure of the milk to direct sunlight or the addition of hydrogen peroxide to 
the milk to oxidize the ascorbic acid. A preliminary trial was conducted to 
compare ascorbic acid-fortified milk with milk having all the ascorbic acid re- 
moved by the use of either hydrogen peroxide or sunlight (table 3). The 


TABLE 3 


The relationship of ascorbic acid, hydrogen peroxide, and sunlight to the development of 
the oxidized flavor 


Days stored 


Ascorbic 
Sample acid/1. of 1 2 3 5 
milk 
Oxidized flavor value 

(mg.) 
1. Control milk = - + ++ 
2. No. 1+30 mg. ascorbic acid/l. - 
3. No. 1+0.1ml. 30% H,0,/1. 1.1 - 
4. No. 2+0.1 ml. 30% H,0,/1. 1.6 - 
5. No. 1 exposed 1.5 hr. to direct sunlight 0.6 ~ - = ms 
6. No. 1 exposed 0.5 hr. to direct sunlight - + + +e 
7. No. 2 exposed 0.5 hr. to direct sunlight +4+++ 
8. No. 3 exposed 0.5 hr. to direct sunlight - - = me 
9. No. 4 exposed 0.5 hr. to direct sunlight ~ - - os 


—-indicates no oxidized flavor. 

b+, ++, +++, ++++ indicate increasing intensity of oxidized flavor. 
stored control sample developed an oxidized flavor in 3 to 5 days, indicating 
the susceptibility of the milk. The addition of ascorbic acid to the control 
milk inhibited the development of the off flavor during the 5-day observation 
period. The addition of 0.1 ml. of 30 per cent hydrogen peroxide to 1 1. of milk 
removed essentially all quantities of ascorbic acid from both the control milk 
and the fortified milk. Neither milk showed evidence of oxidized flavor. 

Exposure of a sample of the milk to direct sunlight for 1.5 hours also re- 
moved essentially all ascorbie acid. No oxidized flavor developed in this milk 
during 5 days of storage. However, when a sample was exposed to direct sun- 
light for 0.5 hour, an oxidized flavor developed after 2 days of storage. Ex- 
posure of the fortified milk to direct sunlight for 0.5 hour caused the develop- 
ment of a pronounced oxidized flavor after 1 day in storage. When the samples 
to which hydrogen peroxide had been added were exposed to 0.5 hour of direct 
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sunlight, no oxidized flavor resulted during 5 days of storage. This indicates 
that ascorbic acid must be present before the sunlight can cause the develop- 
ment of the oxidized flavor. Other samples were treated with hydrogen perox- 
ide and gave results similar to those shown in table 3. 

The results of a study on milk subjected to commercial handling conditions 
were as follows: Fortified milk containing 46 mg. of ascorbic acid per 1. lost about 
one-sixth of the ascorbic acid after 24 hours storage, only a slight additional 
amount was lost while on the truck and about one-third of the remaining ascorbic 
acid was lost when exposed 0.5 hour in the shade. Unfortified milk containing 
13.2 mg. of ascorbic acid per 1. showed no loss of ascorbic acid after 2.5 hours on 
the truck, but about one-half was lost when exposed for 1 hour in the shade; 
practically all the ascorbic acid was destroyed after 15 minutes of exposure to 
direct sunlight. No oxidized flavor developed in any of these samples, even after 
7 days storage, showing that the milk at this time was much less susceptible to 
oxidation than the milk used in the previous experiments. 


DISCUSSION 


From a review of the literature and the results of these experiments, it ap- 
pears that oxidized flavor in susceptible milk can be controlled either by the 
addition of ascorbic acid to the milk or by the complete and rapid oxidation of 
all ascorbie acid present in the milk. When ascorbic acid is added to milk it 
acts as a reducing agent which oxidizes more readily than the milk fat, there- 
fore either preventing or prolonging the time required for fat oxidation and 
the development of an oxidized flavor (3). When the ascorbic acid is oxi- 
dized completely and rapidly, the development of oxidized flavor is prevented 
(8). Theories on the chemical reactions involved in this procedure are some- 
what controversial. At present, the addition of ascorbic acid is the only method 
of commercial interest. It now has been established that the oxidized flavor 
ean be controlled for several days by the addition of ascorbic acid if the milk 
supply is free from copper and is protected from sunlight. The price of as- 
corbie acid is low enough to justify its use as a flavor control measure when 
necessary. Ascorbic acid is tasteless in the milk and, being a natural food sub- 
stance, any excess at the time of consumption will add to the food value of the 
milk. Ascorbic acid also is relatively easy to add, no expensive equipment 
being necessary. However, its use presents a number of problems when consid- 
sidered for commercial use, such as approval by regulatory authorities, proper 
handling of the milk in relation to sunlight and possible deceptive labeling to 
show increased vitamin C content of the milk. Due to the instability of as- 
corbie acid under many conditions, no guarantee should be made regarding the 
vitamin C content of milk at the time of either delivery or consumption. The 
protection of the milk from sunlight during the transportation period to the 
customer’s refrigerator would be the greatest problem for many dairies. Pres- 
ent knowledge would indicate only wasted effort if ascorbic acid were added to 
milk not protected from sunlight at all times. Under certain conditions, a 
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more objectionable oxidized flavor might be developed in milk with added as- 
eorbie acid than would be encountered in the original milk (table 3). 

It has been established that oxidized flavor can be controlled by the rapid and 
complete removal of ascorbic acid by several methods (8). (The measurement 
of ascorbic acid may be used as a guide to the inhibition of flavor development. 
However, it is not established fully that the oxidation of ascorbic acid is the key 
factor to the development or inhibition of the oxidized flavor.) There are no 
commercial methods now available for the rapid destruction of ascorbie acid in 
large quantities of milk. Should machinery be developed which will remove the 
ascorbic acid economically and rapidly in the line of processing, this method may 
hold the greatest possibility for future control of oxidized flavors. The greatest 
disadvantage of the removal of ascorbic acid would be the difficulty in obtaining 
the approval of a process by the public and the medical profession. Willful re- 
moval of a natural vitamin from a universally-used food may be questioned. 
However, if a survey were made of all milk at the time of consumption, there 
is little doubt that most of it would have insignificant quantities of vitamin C 
present. 

SUMMARY 


The addition of ascorbic acid to milk at the rate of 1.5 g. to 100 lb. resulted 
in a three-fold increase in ascorbic acid content of the milk. Non-fortified 
milk lost more than one-fifth of its ascorbic acid during the first day of refrig- 
erated storage in the dark, about half by the second day, three-fourths by the 
third day, and better than 90 per cent by the fifth day. Milk fortified with 
ascorbic acid lost less than one-tenth during the first day, slightly more than 
one-fifth the second day, about one-third by the third day, and about one-half 
after 5 days of storage. After 5 days the fortified samples contained about 
one-half more ascorbic acid than the control milk did originally. No oxidized 
flavors developed in the fortified milk in 5- or 7-day storage periods, while the 
control samples began to develop oxidized flavors after 2 days of storage and 
became increasingly worse as storage time extended. 

Milk fortified with ascorbic acid rapidly lost its ascorbic acid when exposed 
to light, the rate depending upon the intensity of light and the time exposed. 
When exposed to direct sunlight for 40 minutes, all measurable ascorbic acid 
was destroyed. Stored samples in which ascorbic acid was destroyed partially 
developed an oxidized flavor. 

Rapid destruction of all measurable ascorbic acid in milk either by exposure to 
direct sunlight or through the addition of 30 per cent hydrogen peroxide 
resulted in no oxidized flavors over a 5-day storage period, indicating that 
ascorbic acid is a contributing factor in the development of this off flavor. 
Milk in which the ascorbie acid was destroyed by the addition of hydrogen 
peroxide did not develop oxidized flavor when exposed to sunlight. 

A study on the destruction of ascorbic acid and the development of oxidized 
flavor in milk under commercial conditions showed that about one-sixth of 
the ascorbic acid was lost from a fortified sample (30 mg. per 1.) after 24 
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hours of storage. The same milk lost only a slight amount of ascorbic acid 
when carried in a case in a covered milk truck from 5 to 8 am. When this 
milk then was exposed to daylight in the shade for 30 minutes it lost about one- 
third of the remaining ascorbic acid. Another trial with non-fortified milk 
showed no loss of ascorbic acid while carried in a case on a covered milk truck 
for 2.5 hours. About one-half of the ascorbic acid was lost, however, when 
this milk was exposed to daylight in the shade for 1 hour at noontime. Ex- 
posure -of the milk to direct sunlight for 15 minutes at noon destroyed all 
measurable quantities of the ascorbic acid. These results indicate that most of 
the destruction of ascorbic acid occurs after the milk leaves the truck. 


ACKNOWLEDGMENTS 


Roy Coleman assisted with some of the technical work in chemistry. The 
ascorbic acid used in these experiments was furnished by Hoffman-La Roche, Inc., 
Nutley, New Jersey. 


REFERENCES 


(1) Brown, W. Cakson, AND THURSTON, L, M. A Review of Oxidation in Milk and Milk 
Products as Related to Flavor. J. Dairy Sci., 23: 629-685. 1940. 

(2) Beck, G. H., WuiTnan, C. H., AnD Martin, W. H. Relation of Vitamin C, Lecithin, 
and Carotene of Milk to the Development of Oxidized Flavor. J. Dairy Sci., 22: 
17-29. 1939. 

(3) Cuitson, W. H. What Causes Most Common Off Flavors of Market Milk. Milk Plant 
Monthly, 24, 11: 24-28 and 24, 12: 30-34. 1935. 

(4) Gsxessine, E. C., anD Trout, G. M. Ascorbic Acid and Oxidized Flavor in Milk. II. 
The Effect of Various Heat Treatments of Milk upon the Stability of Ascorbie Acid 
and upon the Development of Oxidized Flavor. J. Dairy Sci., 23: 373-384. 1940. 

(5) GREENBANK, GrorGE R. Variation in the Oxidation-Reduction Potential as a Cause for 

the Oxidized Flavor in Milk. J. Dairy Sci., 23: 725-744. 1940. 

(6) GREENBANK, GEORGE R. The Oxidized Flavor in Milk and Dairy Products: A Review. 
J. Dairy Sci., 31: 913-933. 1948. 

(7) JosEPHSON, D. V., BurGwWALD, L, H., AND Stoutz, R. B. The Effect of Route Delivery 
on the Flavor, Riboflavin and Ascorbic Acid Content of Milk. J. Dairy Sci., 29: 
273-284. 1946. 

(8) Kruxovsky, V. N., AND GUTHRIE, E. 8. Ascorbic Acid Oxidation a Key Factor in the 
Inhibition or Promotion of the Tallowy Flavor in Milk. J. Dairy Sci., 28: 565-579. 
1945. 

(9) Otson, FLoyp C., AND Brown, W. Carson. Oxidized Flavor in Milk XI. J. Dairy 
Sci., 25: 1023-1027. 1942, 

(10) Swanson, A. M., anp Sommer, H. H. Oxidized Flavor in Milk. II. The Relation of 
Oxidation-Reduction Potentials to its Development. J. Dairy Sci., 23: 597-614. 
1940. 

(11) Woessner, W. W., ELvEHJEM, C, A., AND Scuurtre, H. R. The Determination of 
Ascorbic Acid in Commercial Milks. J. Nutrition, 18: 619. 1939. 


i 


THE INFLUENCE OF TEMPERATURE OF RIPENING ON THE 
TYRAMINE CONTENT AND FLAVOR OF AMERICAN 
CHEDDAR CHEESE’ 


A. C. DAHLBERG anv F. V. KOSIKOWSKY 
Department of Dairy Industry, Cornell University, Ithaca, New York 


It has been shown recently that a special strain of Streptococcus faecalis, 
which produced acid rapidly in milk and which grew in cheese, increased the 
rate of ripening and the quality of American Cheddar cheese (2, 5). This 
culture produced tyramine in cheese, and the amount of tyramine in both com- 
mercial and experimental cheese was directly related to the intensity of Cheddar 
flavor (6, 3). Within the range of usual temperatures for ripening cheese, it 
is known that ripening is accelerated as the temperature increases. It was the 
purpose of the present study to determine the influence of ripening tempera- 
tures upon the rate of production of tyramine in American Cheddar cheese 
made with and without S. faecalis starter and the usual commercial lactic starter. 


EXPERIMENTAL METHODS 


The Cheddar cheese was made from pasteurized milk. One batch was made 
on March 20, 1947, from milk produced by the herds of Cornell University, and 
another on April 3, 1947, from milk produced for sale as fluid milk for New 
York City. After mixing in the vat pasteurizer, each batch was divided into 
3 parts. To one portion 2 per cent of Hansen’s lactic starter was added, to an- 
other portion 2 per cent of S. faecalis starter was added, and to the third por- 
tion 1 per cent of lactic starter and 1 per cent of S. faecalis starter were added. 
The milk was made into cheese without giving time for the starter to develop be- 
fore adding rennet, but otherwise following the time schedule of Wilson (7). 
All lots made up quite uniformly so the manufacturing data are not presented. 
The cheese was packed in tin cans containing 1 lb. of cheese sealed under 25 
inches of vacuum, and the cans showed 20 to 22 inches of vacuum after sealing. 

Each batch of cheese was divided into 3 lots for ripening at 40, 50 and 60° 
F. The cheese was placed in the curing rooms the day it was taken from the 
press. Samples of the cheese were analyzed for tyramine at intervals up to 1 
year by the method of Kosikowsky and Dahlberg (6), for volatile acids by the 
method of Kosikowsky and Dahlberg (4), and for water soluble protein by the 
method of Sharp as reported by Dahlberg and Kosikowsky (1). The scoring 
was done by the authors and was discontinued after 6 months as the cheese held 
at 60° F. was definitely overcured in this period of time. 


RESULTS 


The composition of the three lots of fresh cheese was reasonably uniform 
and well within the range of acceptable Cheddar cheese (table 1). The fresh 

Received for publication November 4, 1948. 

1This investigation was aided by a grant from the National Cheese Institute. The 


authors are indebted to Mrs. Catherine Verwoert Work for making some of the chemical 
analyses. 
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TABLE 1 
Composition of the fresh cheese 


Starter used in making the cheese 


Lactic faecalis Lactic-faecalis 
Moisture (%) 36.07 37.74 36.16 
35.0 33.5 34.5 
Protein, (%) 23.61 23.65 23.40 
1.62 1.55 1.67 
pH 5.08 5.29 5.23 


cheese made with S. faecalis starter only was slightly less acid and slightly 
higher in moisture, as S. faecalis starter produces acid about half as rapidly as 
commercial lactic starter and no correction was made for this difference by 
variations in the amount of starter added to the milk. 

The production of tyramine in the three lots of cheese ripened at three dif- 
ferent temperatures is given in table 2 and the flavor development in table 3. 
The tyramine content of cheese made from pasteurized milk with commercial 
lactic starter increased only slightly with ripening up to one year (table 2). 
The cheese milk and starter were not contaminated with bacteria that pro- 
duced tyramine as indicated by the low amount of this compound in the cured 
cheese. Consequently, at 50° F. the ripened cheese contained only a little more 
tyramine than cheese ripened at 40° F., and only slightly less tyramine than 
cheese ripened at 60° F. All of the cheese made with commercial starter only 
was mild in flavor after 4 months at 40, 50 and 60° F., but after 6 months’ 
curing at 50 and 60° F. the cheese possessed a flavor of medium intensity, even 
though the tyramine content was low (table 3). The flavor was not typically 
good Cheddar, but was flat and the cheese at 60° F. was definitely overcured 


TABLE 2 


Influence of temperature of ripening upon the production of tyramine in American Cheddar 
cheese made from pasteurized milk 


Days ripened 


Starter used 
iediaeaen 0 3 15 30 60 90 120 #8150 180 240 365 


Tyramine (y/g.) 


Ripened at 40° F. 


7 8 7 6 3 6 3 

S. faecalis ......... _ eee 17 12 12 22 18 24 47 

Lactic-faecalis 85 57 45 77 85 120 312 
Ripened at 50° F. 

14 12 12 12 12 10 17 

72 46 38 64 108 113 281 

126 163 216 280 428 534 


Ripened at 60° F. 


TON cn 5 13 14 12 19 14 16 14 17 28 37 
8. faecalis 6 27 22 45 83 90 157 220 315 379 811 
Lactic-faecalis ......... ~ 14 42 70 120 356 477 762 894 1,172 1,425 2,554 
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with a slightly burnt or caramelized taste. This interfered with judging the 
intensity of Cheddar flavor. 

The cheese made with S. faecalis starter alone produced very little tyramine 
at 40° F. and the flavor remained mild for 6 months. When ripened at 50° F., 
the tyramine content of the cheese was 108 y per g. and the flavor was medium +. 
The cheese ripened at 60° F. contained 315 y per g. and the flavor was consid- 
ered to be medium + in intensity. 

The cheese made with both lactic and faecalis starters contained 85y per 
g. after 6 months at 40° F. and the flavor was mild+. Ripened at 50° F. for 
6 months, the cheese contained 428 y per g. of tyramine and the flavor was 
medium+. The cheese ripened at 60° F. contained 1,172y per g. and was 
sharp — in flavor intensity. The flavor was typical Cheddar of excellent quality. 

Too few temperatures of ripening were employed to permit any consideration 


TABLE 3 


Influcnce of temperature of ripening upon the development of flavor in American Cheddar 
cheese made from pasteurized milk 


Flavor score and intensity in cheese 


Starter used Ripened 60 d. Ripened 120 a. Ripened 180 d. 
in cheese 
Score Intensity Score Intensity Seore Intensity 
Ripened at 40° F. 
38.5 mild 38.5 mild 39.0 mild 
38.2 mild 39.2 mild 39.0 mild 
Lactic-faecalis .................. 39.7 mild 39.5 mild 40.0 mild + 
Ripened at 50° F, 
39.0 mild — 39.0 mild + 39.0 medium — 
S. faecalis ....... j 40.0 mild 39.0 medium 39.7 medium + 
Lactic-faecalis 40.5 mild + 40.0 medium + 40.5 medium + 
Ripened at 60° F. 
39.5 mild + 38.5 mild + 38.02 mediume 
S. faecalis 40.0 medium 39.2 medium + 38.7 medium + 
Lactic-faecalis 40.5 medium 40.5 sharp — 39.5 sharp — 


a Overcured with a slight burnt or caramelized flavor, so the intensity of Cheddar flavor 
was difficult to judge. 


of trends in the increase of tyramine production with increased ripening tem- 
peratures. However, the tyramine content of the cheese showed an approxi- 
mate direct logarithmic relation to the time of ripening in days (fig. 1). The 
average data (fig. 1) omit all data for cheese with lactic starter only, together 
with all cheese stored at 40° F., as the rate of increase of tyramine was too slow 
to show any trend. 

The data on the volatile acidity, water-soluble protein, and pH are not pre- 
sented as they duplicate some previously published data (2). There was very 
little increase in volatile acidity in 6 months at 40° F., and this slight increase 
was least for the faecalis cheese. After 6 months the volatile acidity of the 
cheese was 19 ml. 0.1 N acid per 100 g. at 40° F. and 42 ml. at 60° F. for lactic 
starter cheese, which compared with 18 and 41 ml. 0.1 N acid per 100 g. for 
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lactic-faecalis cheese. The water-soluble protein increased about three-fold in 
6 months at 40° F. The effect of increased temperature of ripening on water- 
soluble nitrogen after 6 months showed the lactic starter cheese contained 4.4 
per cent at 40° F. and 8.1 per cent at 60° F., and the lactic-faecalis cheese con- 
tained 4.3 and 8.4 per cent, respectively, of water-soluble protein. 


Lactic-Faecalis Cheese Ripened at 60°F 
e — — — — loctic-Faecalis Cheese Ripened at 50°F q 
—____ Lactic-Faecalis and Faecalis Cheese P 
Ripened at 50° and 60°F 4 
4 1000 — 
a 
a 
a 
a 
€ 
sc 
o 
c 
= 100 - 
2 
a 
- 
4 
a 
100 1000 


Days Ripened 


Fig. 1. The rate of tyramine production in cheese made with S. faecalis starter alone, 
and with commercial lactic and faecalis starters. 


DISCUSSION 


The amount of tyramine in the cured cheese made from pasteurized milk 
with commercial lactic starter alone was especially low as compared with the 
tyramine previously found in commercial Cheddar cheese (6). Undoubtedly, 
this pasteurized milk of high sanitary quality did not contain tyramine-pro- 
ducing bacteria or they may have been present in very small numbers. The 
cheese developed normal acidity, volatile fatty acids, and water-soluble protein 
during ripening, but the intensity of flavor remained mild and was not in- 
creased greatly by warmer ripening temperatures. This illustrates indirectly 
previous results (3) that increased tyramine and Cheddar flavor intensity are 
related. Limited flavor developed with ripening and with very little tyramine 
production, which shows that all flavor is not associated with tyramine, but 
most of the typical Cheddar flavor is related to the presence of tyramine. 

S. faecalis alone in cheese increased tyramine production, but the effect was 
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very limited at 40° F. It should be observed that the temperatures of this re- 
frigerator varied from 35 to 42° F. and was generally slightly below 40° F. 
S. faecalis grows poorly at this temperature. Ripening at 50 and 60° F. gave 
marked increases in tyramine and obvious increases in the intensity and quality 
of flavor. 8S. faecalis grows well at these warmer temperatures. 

The use of regular lactic and faecalis starters in pasteurized milk markedly 
increased tyramine production in cheese at all temperatures of curing, includ- 
ing 40° F. The intensity of Cheddar flavor and the quality of the Cheddar 
flavor were best in the cheese made with both starters. 

It should be pointed out that the percentage of starter added to the milk in 
these experiments was rather large, but similar results have been observed with 
variations from 0.1 to 2.0 per cent of the faecalis starter. 

On several occasions it has been observed that Cheddar cheese made with S. 
faecalis starter not only developed flavor more rapidly but this flavor was main- 
tained for longer periods of time than in cheese without this culture. This 
was observed in cheese cured at 60° F. The cheese made with lactic starter 
alone decreased progressively in score with increased age and the flavor in- 
tensity increased slightly. At 180 days this cheese was overcured and had an 
off-flavor. The cheese made with both lactic and faecalis starters was sharp — 
in intensity at 120 days, yet it was held for 180 days without developing an off- 
flavor. The best keeping quality was shown by the cheese made with both 
starters. 

It is believed that 40° F. or below is too cold a temperature for ripening 
Cheddar cheese made from pasteurized milk of good quality with both starters 
to obtain maximum development of good Cheddar flavor in a reasonable period 
of time. An initial curing for 2 months at 60° F. or 4 months at 50° F. will 
develop good pronounced Cheddar flavor and then the cheese properly made 
may be stored a long time at 40° F. or below with assurance of excellent flavor. 

In considering the data on flavor, it should be borne in mind that flavor in- 
tensity was rated over a 6-month period. Consequently, there is more chance 
for variation in judgement than if all samples were rated at one time. 

This research emphasizes that the value of S. faecalis starter in ripening 
cheese will be greatest in milk of highest sanitary quality. Its value will be 
least in milk of low bacterial count but relatively high in normal infection with 
S. faecalis or other tyramine-producing bacteria, and in milk of lower sanitary 
quality which normally contains these bacteria in substantial numbers. When 
these bacteria were absent, force curing at a high temperature, such as 60° F., 
accelerate flavor development to some extent but not enough to obtain a full 
Cheddar flavor. 

There is an indication that the rate of development of tyramine in the early 
days of ripening might be used as an index to predict whether cheese will cure 
slowly or rapidly. More data are necessary to establish this point. 


CONCLUSIONS 


The pasteurized milk used for making the experimental American Cheddar 
cheese was practically free from tyramine-producing bacteria, as indicated by 
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the tyramine content. After 6 months ripening at 40, 50 and 60° F., the tyra- 

mine content of cheese made with commercial lactic starter was only 3, 12 and 

17y perg. The flavor was mild, medium — and medium in intensity and lacked 
good Cheddar characteristics. 

When 8S. faecalis starter (special rapid acid-producing strain) was used 
alone in the pasteurized milk, the tyramine content of the cheese after 6 months 
ripening at 40, 50 and 60° F. was 18, 108 and 315y per g. The flavor intensi- 
ties were mild, medium — and medium +, respectively. 

The use of both commercial lactic and S. faecalis starters in the pasteurized 
milk produced the greatest development of tyramine and good, typical Cheddar 
flavor. After 6 months’ ripening at 40, 50 and 60° F. the tyramine content was 
85, 428 and 1172 y per g. and the flavor intensity was mild+, medium+ and 
sharp-. The sharp — intensity of flavor was obtained in 4 months. 

Cheddar cheese containing S. faecalis developed more tyramine and Cheddar 
flavor as the ripening temperatures were increased. It maintained its good fla- 
vor for a longer period of time without becoming overcured at warm tempera- 
tures than did cheese made only with ordinary lactic starter. The increase in the 
tyramine content of cheese showed an approximately direct logarithmic rela- 
tion to the days ripened. 
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EFFECT OF THYROXINE ON FERTILITY OF BOVINE SEMEN? 


A. B. SCHULTZE anv H. P. DAVIS 
Department of Dairy Husbandry, University of Nebraska, Lincoln 


The addition of proper amounts of D,L-thyroxine to bovine semen appears to 
exert an influence on sperm metabolism (1, 2). It is logical to suppose that a 
change in metabolism influences semen fertility. Therefore this study was 
undertaken to determine whether bovine semen fertility is influenced by the ad- 
dition of thyroxine. Since the over-all fertility of bovine semen obtained under 
artificial breeding conditions depends both on the initial fertility and the main- 
tenance of a high level of fertility during storage, the data were studied to de- 
termine whether thyroxine influences the initial fertility, the maintenance of 
fertility or both of these characteristics. 


METHODS 


D,L-thyroxine was added to egg yolk-phosphate-buffered bovine semen in a con- 
centration of 10 y per 100 ml. diluted semen. A stock solution of the thyroxine 
was prepared by weighing 10 mg. of the material and dissolving it slowly and 
completely in distilled water by the addition of 0.1 N NaOH drop by drop. 
When dissolved the solution was made up to 100 ml. volume. The thyroxine 
solution added to the diluted semen was prepared from this stock solution by 
adding phosphate buffer in measured volumes so that the buffered thyroxine 
solution contained 5 y thyroxine per ml. All thyroxine solutions were stored at 
40° F. Portions of this latter buffered solution were added to the egg yolk-phos- 
phate-buffered semen so that the final concentration of thyroxine was 10 y in 
100 ml. diluted semen. 

Semen samples were selected at random from 18 bulls in the University stud 
and treated with thyroxine. Other semen samples from the same bulls during 
the same periods of time served as controls. Non-return rates obtained from the 
use of such a series of semen samples vary from that obtained with another series 
even where semen are from the same bulls during the same season. The varia- 
tion among several such series involving semen sample numbers and service 
numbers approximating those of the thyroxine-treated semen in our experiments 
appeared not to exceed 2 percentage units in non-return rate. To compare the 
results of treatment on the same semen sample, an experiment was carried out 
in which one portion of a semen sample was treated with thyroxine and sent to 
one group of associations for use; the other portion, untreated, was sent to a 
second group of associations. The two association groups had similar non-return 
rates when both used untreated semen from the same bulls. 

Breeding results are based on 5 months’ non-return rates of first and second 
services in routine artificial breeding. 


Received for publication November 13, 1948. 
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RESULTS 


The experiment to determine the effect of thyroxine on fertility of bovine 
semen was carried out over a 2-year period. In the first part of the experiment 
a portion of randomly selected semen samples was treated with thyroxine and 
sent to group 1 associations for use. The other portion of these semen samples 
was left untreated and sent to group 2 associations. More than 50 individual 
semen samples were used in this part of the experiment. The results showed 
that the non-return rate for the treated semen in group 1 (422 services) was 
59.1 per cent and that for the untreated portion of the samples in group 2 as- 
sociations (456 services) was 54.4 per cent, a difference of 4.7 percentage units. 
However, when the semen sent to both groups 1 and 2 was all untreated and 
from the same bulls, the non-return rate for the group 1 associations was 1.2 


TABLE 1 
Non-return rate with treated and control semen with age 


Days storage 
All days combined 
2 2 3 4 

gH H Hei 

(%) (%) (%) (%) (%) 
Semen 

treated 

with 

thyroxine 384 65.8 821 66.1 496 62.5 166 = 60.2 1887 64.6 
Control 


semen 1303 63.1 2470 59.5 1489 56.0 667 52.1 5929 58.5 
Increase 

over 

control 2.7 6.6 6.5 8.1 6.1 


percentage units lower than for the group 2 associations. Therefore, there ap- 
peared to be a net increase of 5.9 percentage units in non-return rate resulting 
from the presence of thyroxine in the semen. 
The experiment was extended by sending semen samples treated with thy- 
roxine to all associations. The non-return rate obtained with treated semen was 
. compared with that obtained with control semen from the same bulls during the 
months in which semen was treated. The samples used as controls were from 
those used before or after the treated samples. The non-return rate from 92 
treated semen samples with 1,867 services involved was 64.6 per cent. The non- 
return rate from untreated control semen samples was 58.5 per cent. Thus the 
addition of thyroxine appeared to increase the non-return rate by 6.1 percentage 
units. 
A comparison of the non-return rates from treated and control semen with 
days of storage is shown in table 1. It is apparent that fertility was maintained 
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TABLE 2 
Comparison of non-return rate of thyroxine-treated and control semen by individual bulls 
Treated Control 
Semen 
Bull Difference 
samples . 5-mo. non- ‘ 5-mo. non- 
Services returns Services returns 
t 
(No.) (No.) (%) (No.) (%) 
1 5 66 56.1 136 52.2 + 3.9 
2 2 36 75.0 112 52.7 + 22.3 
3 6 95 47.3 307 50.2 - 2.9 
oe 6 91 62.6 228 57.5 + 5.1 
5 1 20 85.0 198 60.1 + 24.9 
6 9 201 62.7 347 60.8 + 19 
7 7 235 65.1 463 59.8 + 5.3 
8 4 128 66.4 179 58.1 + 83 
9 5 97 63.9 231 54.1 + 9.8 
10 6 180 65.6 254 60.4 + 5.2 
11 | 22 63.6 193 59.5 + 4.1 
12 7 80 68.7 200 56.5 +12.2 
13 13 185 66.5 391 60.1 + 64 
14 6 76 68.4 268 64.9 + 3.5 
15 1 35 62.8 193 67.4 - 4.6 
16 2 40 75.0 89 68.5 + 6.5 
All 81 1587 64.5 3789 58.8 + 5.7 


4 Bulls having less than 20 treated services omitted from table. 


at a higher level throughout the 4 days of use. The difference during the first 
day of use is less than with increased storage, indicating a delayed thyroxine 
effect. 

The data were studied by grouping semen samples by individual bulls. The 
comparison is shown in table 2. Semen samples from bulls used in less than 
20 services have been omitted from the tabulation. In evaluating the average 


TABLE 3 


Comparison of non-return rate with thyroxine-treated and control semen by individual 
breeding associations. (Only services with same storage time for control and 
treated semen considered.) 


Treated Untreated 
Association No. No. Difference i 
services returns services returns 
(Percentage 
(%) (%) Units) 
A 320 60.3 308 55.8 + 4.5 
B 256 65.6 264 61.7 + 3.9 
Cc 86 69.8 114 56.9 +12.9 
D 136 39.0 132 35.6 + 3.4 
E 98 73.5 99 61.5 +12.0 
F 122 62.3 146 55.8 + 6.5 i 
G 107 60.7 95 53.6 + 7.1 
H 74 82.4 79 69.6 +12.8 | 
I 115 78.0 121 63.6 + 9.4 
J 249 63.9 250 55.8 + 8.1 i 
All associations 1563 63.4 1608 56.7 + 6.7 | 
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non-return rate for all bulls, the non-return rate percentage of each bull was 
weighted in proportion to the number of treated services so that the percentage 
influence of each bull’s services on the total results would be the same for both 
treated and untreated semen. On this basis of comparison, thyroxine increased 
the conception rate 5.6 percentage units. The semen from two bulls showed a 
decrease in fertility due to treatment; however, in one of these bulls only one 
semen sample represented the treated services. 

In a comparison of treated and control semen by individual associations, the 
controls were recorded only for those days on which the treated semen was used, 
to eliminate insofar as possible the effect of semen storage on the comparison. 
Results are shown in table 3. The non-return rate in all associations was in- 
creased by treatment and the difference for all associations was found to be 6.7 
percentage units. This percentage unit increase is somewhat higher than that 
found with other bases of comparison; however, it is not significantly different. 

To test whether the difference in non-return rate due to treatment was statis- 
tically significant, the results were analyzed on an individual semen sample basis 
for both treated and control samples. Semen samples with less than ten services 
were eliminated. The non-return rate percentages were converted to angles. 
The difference between treated and control samples was found to be significant 
at less than the 5 per cent level. When the variance between individual semen 
samples was eliminated, significance was at less than the 1 per cent level. 


DISCUSSION 


It appears from the data at-hand that 10 y per cent D,L-thyroxine when added 
to diluted bovine semen increases the fertility. This is apparent with semen 
from bulls of average or above average fertility. The difference in fertility is 
small for the first day of storage but increases to a maximum the second day of 
storage. This increase in fertility apparently is maintained for a 4-day storage 
period. The non-return rate for treated semen was lower than that for control 
semen with the semen of one bull. This bull’s average fertility was relatively 
low and it is possible that thyroxine in the amount used had a detrimental effect 
on this poor semen. A limited number of thyroxine-treated semen samples from 
bulls with less than 50 per cent non-return rate was available for study. It 
seems from these limited data that semen low in fertility is increased in non- 
return rate above that of control semen of low fertility during at least 2 days of 
storage, but declines below that of the control level by the 3rd or 4th day of 
storage. Semen lower in fertility than that represented by the data at hand may 
be more unfavorably affected by storage. 

The selection of semen samples used for controls during the period of the 
experiment was varied so that accidental selection of better than average or 
poorer than average semen from the bulls on experiment would be evident if 
this were affecting the results. The selection of different control semen samples 
resulted in a difference of 2 percentage units in the control values. This is a 
non-significant difference and can probably be expected by random selection of 
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semen from the same bulls during the same periods of the year with the number 
of services and semen samples involved. 


SUMMARY 


Ten micrograms per cent of D,L-thyroxine was added to diluted bovine semen. 
This semen was used in artificial breeding. 

All treated services (2,289) averaged 5.7 to 6.7 percentage units higher in 
percentage of non-returns to service after 5 months than untreated semen from 
the same bulls collected during the same months that the treated semen was 
used. In a comparison of either individual bulls or individual breeding associa- 
tions, an increase in non-return rate is also apparent with thyroxine-treated 
semen. 

The increase in fertility with the addition of thyroxine appears to be main- 
tained for a 4-day storage period with semen of average or above average fer- 
tility. 
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THE EFFECT OF TESTIS BIOPSY ON SEMEN 
CHARACTERISTICS OF BULLS? 


J. F. SYKES, T. R. WRENN, L, A. MOORE, P. C. UNDERWOOD, np 
W., J. SWEETMAN 


Bureau of Dairy Industry, Agricultural Research Administration, 
United States Department of Agriculture 


Biopsy technics have been used by many investigators to study histological 
changes in various living organs. - Erb et al. (2) in a preliminary report have 
described a biopsy technic by means of which they correlated semen quality 
with testis morphology in dairy bulls during vitamin A studies. We have used 
this same technic in experiments on the effects of energy restriction on semen 
characteristics of bulls, and during the course of these experiments evidence 
was obtained that this biopsy technic produced changes in semen characteristics 
and in testis morphology which were unrelated to dietary conditions. 


MATERIALS AND METHODS 


Studies were made on three mature bulls. When the first biopsy specimen 
was taken, all were just past 6 years of age. Two of the bulls (no. 1 and 2) 
had been on a ration which restricted energy intake to 65 per cent of requirement, 
up to the time the first specimen (from the left testis only) was taken. Feed 
intake then was raised to 100 per cent of requirement and maintained at that 
level until the bulls were disposed of. A specimen was obtained (from the 
right testis) on one of these bulls (no. 2) 6.5 months later and on the other 
(no. 1) 10.5 months later. Both bulls were castrated 3 months after the second 
biopsy and representative sections of testis tissue were obtained. 

The first specimen (from the left testis) was obtained from the third bull 
(no. 3) immediately before the ration was reduced to the 65 per cent energy- 
intake level. He remained on this level of energy-intake for 15 months, and 
a second specimen (from the right testis) then was obtained. Feed intake then 
was increased to 100 per cent of requirements, and the bull was castrated 3 
months later. 

The biopsy technic performed under local anesthesia was essentially that 
described by Erb et al. (2), with the exception that hemorrhage always was 
controlled by applying manual pressure to the spermatic artery until a solid 
clot had formed. The tunica albuginea and skin incision always were sutured. 
Recovery was rapid and uneventful in every instance. 

Semen was collected from the bulls by means of an artificial vagina. With 
only occasional omissions, four ejaculates were collected weekly from each bull 
during the period of observation, two ejaculates being obtained in succession at 
each of two services. Motility determinations were made on undiluted semen 
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in a stage warming apparatus. Sperm counts and the determination of abnor- 
mal spermatozoa were made with a hemocytometer on fresh semen diluted with a 
0.9 per cent saline solution. The data presented here all are based on the see- 
ond ejaculate. 

Tissue sections were stained with hematoxylin and eosin for general morpho- 
logical examination and with Mallory’s aniline blue connective tissue stain to 
detect the relative amounts of connective tissue in the various specimens. 


RESULTS 
The data obtained on semen characteristics are shown for each of the three 
bulls in table 1. It will be noted that each biopsy produced a marked decrease 


TABLE 1 


Changes in sperm characteristics as the result of biopsy 


Percentage 
Period of Sperm Initial Storage ofabnor- 
observation count motility motility’ malsperm ti 
ions 
cells 
(millions/ml.) (%) (%) (ml.) 
Bull no. 1 
Control (60 days) 1360 54.3? 9.9? 63.9? 3.4 7 
Biopsy specimen obtained—returned to adequate feed intake 
(60 days) 700 85.0 17.5 33.5 3.8 4 
(274 days) 639 67.9 27.6 34.0 5.0 27 
Second biopsy (no change in feed) 
(30 days) 653 30.3 7.0 37.0 4.4 3 
(60 days) 388 44.8 8.8 28.2 5.8 8 
Bull no. 2 
Control (60 days) 1012 70.0 40.0 27.7 2.8 9 
Biopsy specimen obtained—returned to adequate feed intake 
(60 days) 862 72.5 25.5 24.6 4.2 5 
(142 days) 556 73.0 30.8 20.7 4.4 13 
Second biopsy (no change in feed) 
(30 days) 723 38.3 20.0 45.0 4.6 3 
(60 days) 264 46.3 11.9 32.6 4.2 9 
Bull no. 3 
Control (60 days) 841 86.2 48.1 18.9 4.7 8 
Biopsy specimen obtained—feed intake reduced 
(50 days) 458 74.5 26.5 41.0 5.5 5 
(376 days) 465 76.0 31.7 38.8 4.3 41 
Second Biopsy—returned to adequate feed intake 
(30 days) 125 5.0 2.0 75.2 2.7 4 
(60 days) 0.13 0 0 82.0 3.7 7 


1 Storage motility < motility after 48 hrs. storage at 4-6° C. 
2 These low motility values and the high percentage of abnormal sperm cells resulted from 
restriction of feed intake. 


in sperm concentration in all three bulls, which roughly amounted to 50 per 
cent except in the case of the second biopsy on bull no. 3. Sperm production 
practically ceased following the second biopsy in the case of bull no. 3. The 
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full effect of a biopsy was not always immediately evident, and for this reason 
the period of observation following each biopsy has been divided into a short 
and a longer interval. Usually the first two or three ejaculates obtained con- 
tained numbers of sperm characteristic of the pre-biopsy period. This was at 
least partly due to the fact that a 2-week period of sexual rest was usually 
allowed after each biopsy. The decrease in sperm concentration which fol- 
lowed this short interval persisted throughout the remainder of the observation 
period in all cases, and there has been no indication that improvement in 
spermatogenesis occurred even though the periods of observation after the first 
biopsy was performed ranged from 202 to 426 days. 

It also will be noted that changes were made in the ration of these animals 
in every instance at the time the first biopsy specimen was obtained. In the case 
of bull no. 3, feed intake was reduced at this time. During the following 14- 
month period, his weight loss amounted to 293 lb. The change in sperm con- 
centration possibly could be accounted for by the poor nutritional condition of 
this bull. ° However, a much greater decrease in sperm concentration occurred 
in the semen of this bull when the second biopsy was performed, even though 
feed intake was increased to normal at this time. Moreover, this change was 
noted in the semen of bulls no. 1 and no. 2 after both biopsies. The first biopsy 
was performed on these bulls at a time when feed intake was increased and the 
bulls thereafter were improving in condition. The second biopsy was per- 
formed on these bulls while they were on normal and constant feed intakes. 
The change in sperm count was just as great as under the previous regime. It 
seems evident, therefore, that the change in sperm concentration was related to 
the biopsies rather than to changes in the ration which coincided with the 
biopsies in most instances. 

It also is evident that a serious misinterpretation of experimental results 
might have occurred if all three of these bulls had been biopsied just previous 
to the time that the restriction in energy intake was imposed. It would not 
have been illogical to ascribe the decrease in sperm production to the reduced 
energy intake rather than to the effects of biopsy. The data presented by Erb 
et al. (2), in the paper in which they described the biopsy technic, show that a 
marked drop in concentration of spermatozoa occurred after each of the biopsies 
that were taken from the bull used in their work. The decrease in concentra- 
tion of spermatozoa after the first biopsy was ascribed to a gradual depletion 
of stored sperm. No comment was made on the decrease after the second 
biopsy. 

In view of our results, it would appear that the semen change reported by 
Erb et al. (2) was related more to the biopsies than to the vitamin A status of 
the animal. It also will be noted that improvement in semen occurred following 
the initial drop in sperm concentration after each biopsy on the bull described 
by Erb ef al. (2). This effect has not been seen in the present work and this dif- 
ference in results between the two studies may be due to the differences in age 
of the bulls used. 
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The effect of the biopsies on motility and on the percentage of abnormal cells 
was somewhat variable. The first biopsy on bulls no. 1 and 2 did not decrease 
motility or increase the number of abnormal spermatozoa. The increase in 
motility and the decrease in abnormal cells which occurred after the first biopsy, 
in the case of bull no. 1, is believed to be due to the improved nutritional status 
of the bull during this interval. Attention is drawn to the fact that the con- 
trol values for this bull (see table 1) were abnormal and a result of the previous 
feed restriction. In the case of bull no. 3, however, the first biopsy did decrease 
motility and increase the percentage of abnormal cells. The fact that no pro- 


Fig. 1. Comparison of biopsy specimens of testis and specimens obtained on the same 
testis after castration. X200. 

1A—Right testis biopsy specimen. 

1B—Right testis at time of castration. 

1C—Left testis biopsy specimen. 

1D—Left testis at time of castration. 


gressive change in these characteristics occurred in the succeeding period of 
feed restriction would indicate this was an effect of the biopsy and not a result 
of feed restriction. In all cases, however, the succeeding biopsy on the opposite 
testis markedly reduced motility and increased the percentage of abnormal cells. 
The data therefore would indicate that a single biopsy on one testis may or may 
not affect the motility and normality of the sperm cells but that a second biopsy, 
even when obtained from the opposite testis, has a definite and adverse effect on 
the motility and normality of sperm cells. Bogart and Mayer (1) noted that 
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similar changes in semen characteristics occurred in sheep after removal of one 
testis. Moore (3) also has noted that adhesions occur around the testis of bulls 
following inflammation due to infection or trauma of the testis and are accom- 
panied by a progressive deterioration of semen quality. In the three bulls in 
the present study, marked adhesions between the tunica vaginalis and tunica 
albuginea were noted when the bulls were castrated. 

The photomicrographs shown in figure 1 are representative of the morpho- 
logical changes noted in the testis tissue as determined at castration. A com- 
parison of figure 1A and 1B illustrates the marked change which occurred in 
the right testis following biopsy. Figure 1A, from tissue taken at biopsy, shows 
there was some disorganization and desquamation of tissue and that sperm cells 
were not numerous in the tubules. Figure 1B shows the condition of the same 
testis 8 months later. Sperm cells were practically nonexistent and spermato- 
genic tissue was reduced markedly. This tissue, which was obtained at castra- 
tion, was representative of the general condition throughout the testis except in 
the case of bull no. 3. In this bull, while spermatogenesis was reduced, less than 
25 per cent of the tubules showed this marked degeneration, although most 
tubules showed degenerative changes when compared to the biopsy specimens 
obtained previously. 

Figure 1C represents the biopsy specimen and figure 1D the tissue obtained 
at castration from the left testis. It will be noted that there is little or no dif- 
ference in the appearance of the tissues. Two of the bulls (no. 1 and 2) re- 
acted in this manner. The left testis of the third bull, however, showed very 
marked degeneration at the time of castration. The testis was about 4 normal 
size and the upper third was distinctly calcified. Histologically, degeneration 
as marked as that shown in figure 1B was present throughout the testis and the 
tubules in the calcified area were filled with mineral deposit. 

It is difficult to account for the variability in reaction to biopsy between the 
right and left testis of these animals. In all cases the interval of time between 
biopsy of the right testis and castration was 3 months. The intervals between 
biopsy of the left testis and castration were 14, 10 and 17 months for bulls no. 1, 
2 and 3, respectively. In the case of bulls no. 1 and 2, the presence of marked 


degeneration in the right testis 3 months after biopsy and little or no change in. 


the left testis 10 or 14 months after biopsy might indicate that repair had oc- 
curred in the left testis during the longer time interval. If repair did occur in 
the testis of these two bulls, it was unaccompanied by any improvement in 
spermatogenesis as previously noted. The marked degeneration noted in the left 
testis of bull no. 3 at castration, even though an interval of 17 months elapsed 
between biopsy and castration, is in direct contrast to the other two bulls. 
Bull no. 3 lost considerable weight (293 lb.) during 14 of the 17 months of this 
interval of time due to restriction of feed intake, whereas bulls no. 1 and 2 had 
adequate feed and were gaining in weight throughout most of this period. It 
therefore is possible that the reduced feed intake of bull no. 3 intensified the 
biopsy effect and was responsible for the difference in effects on the left testis 
observed between this bull and bulls no. 1 and 2. 


. 
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As mentioned previously, rather extensive adhesions between the tunica 
vaginalis and tunica albuginea were found at castration. Marked connective 
tissue proliferation, of course, was present at the site of biopsy in every instance. 
In addition to these changes, an increase in the amount of connective tissue 
throughout the intertubular spaces of both testes was noted in the tissues ob- 
tained when the bulls were castrated. This reaction was not as intense as that 
observed at the biopsy site, but in every instance a distinct increase was noted 
in the amount of intertubular connective tissue as compared with the amount in 
the original biopsy specimens. This increase in connective tissue was roughly 


X200. 
2A—Left testis specimen (bull no, 2). 
2B—Right testis specimen (bull no. 2). 
2C—Left testis specimen (bull no. 3). 
2D—Right testis specimen (bull no. 3). 


proportional to the degree of tubular degeneration observed. It was greatest in 
the left testis of bull no. 3 and in the right testis of bulls no. 1 and 2 in which 
the greatest tubular change was observed and, while definitely increased, was 
less evident in the right testis of bull no. 3 and the left testis of bulls no. 1 and 
2. It therefore would appear that the biopsies produced a marked proliferation 
of connective tissue throughout the testis and that this change was related to the 
morphological and functional changes which were observed in the tubules. 

If the increased collagen noted in these sections was a result of a fibroblastic 


Fig. 2. Comparison of right and left testis biopsy specimens from bulls no. 2 and no, 3. 
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reaction, this reaction had subsided by the time sections were obtained. How- 
ever, there was some evidence that the numbers of interstitial cells were in- 
creased in those specimens which showed increases in connective tissue. 

The evidence at our disposal did not suggest that a biopsy on one testis had 
any marked effect on the opposite testis. A comparison of tissues obtained at 
successive biopsies of the left and right testis is shown in figure 2 to illustrate 
this point. Tissue from the left testis biopsy (2A) and tissue from the right 
testis (2B) obtained by biopsy 6 months later from bull no. 2 is shown. Com- 
parison of these tissues indicates that possibly some change occurred in the 
right testis as a result of biopsy on the left testis. There also was some slight 
indication of an increase in connective tissue in the right testis. A comparison 
of figures 2C and 2D, which are similar tissues from bull no. 3, shows no differ- 
ence. A like comparison between the biopsy specimens from the left and right 
testis from no. 1 indicated no effect other than some increase in connective tissue 
in the right testis at biopsy. The intervals between biopsies in the case of bulls 
no. 1 and 3 were 11 and 14 months, respectively, whereas it was only 6 months 
in the case of bull no. 2. If the difference noted between figures 2A and 2B 
really indicates that the biopsy of the left testis affected the opposite testis of 
bull no. 2, and that similar changes were produced in the right testis of bull no. 
1 and bull no. 3, it might be assumed that the longer interval between biopsies 
in the case of the latter two bulls gave sufficient time for repair to take place 
so that no evidence of damage was present at the succeeding biopsy. In general, 
however, the direct evidence available would not indicate that biopsy on one 
testis produced morphological changes in the other testis. 


SUMMARY AND CONCLUSIONS 


1. Biopsy of the testis of mature bulls resulted in a marked decrease in 
sperm concentration in the semen. 

2. Biopsy of a single testis had variable effects on motility or percentage 
of abnormal sperm, but a succeeding biopsy on the second testis decreased mo- 
tility and increased the percentage of abnormal sperm, and in one bull resulted 
in almost complete absence of spermatogenesis. 

3. Marked morphological changes were observed in the tubules of the testis 
and in the amount of intertubular connective tissue. In one instance, marked 
atrophy of the testis occurred as a result of biopsy. 

4. These data would indicate that considerable care must be used in in- 
terpreting data in experimental studies on semen production and semen char- 
acteristics where biopsies are performed in conjunction with other ‘nutritional 
or physiological technics. 
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SOME FACTORS INFLUENCING THE REDUCING SYSTEMS 
IN DRY WHOLE MILK’ 


H. A. HARLAND, S. T. COULTER, anp ROBERT JENNESS 
Divisions of Dairy Husbandry and Agricultural Biochemistry, University of Minnesota, St. Paul 


The first extensive data relating the heat-labile sulfur of milk to cooked flavor 
and antioxygenic activity were obtained by Gould and Sommer (7) and Joseph- 
son and Doan (13). The former collected the heat-labile sulfur with lead acetate 
paper and found that heat treatments sufficient to cause cooked flavors and a 
lowering of the oxidation-reduction potential also produced volatile sulfur. 
Very similar results were obtained by Josephson and Doan (13) using the nitro- 
prusside test for heat-labile sulfur. 

The antioxygenic properties of dry whole milk manufactured from milk pre- 
heated to a high temperature have been ascribed to the sulfur-containing re- 
ducing groups (10, 11). Mattick et al. (15) were the first to show that the 
presence of nitroprusside-reducing substances resulting from the preheating 
treatment of the milk is associated with increased resistance to oxidation of the 
dry milk during storage. ’ 

The effect of several preheating temperatures on the keeping quality of the 
dry whole milk was studied by Findlay et al. (6). Preheating temperatures 
producing antioxygenic effects in the powder were those yielding positive nitro- 
prusside and volatile sulfur tests. No data were reported concerning the effect 
of subsequent oxidation of the dry whole milk during storage on the sulfhydryl 
groups initially present. 

A method for the estimation of sulfhydryl groups in blood based on reduc- 
tion of thiamin disulfide has been adapted to milk by Harland and Ashworth 
(9). The experiments described herein were undertaken to test the thiamin 
disulfide reagent for the estimation of the antioxygenic qualities of dry whole 
milk, prepared from milk preheated to high temperatures, to determine the 
source of the groups that reduce this reagent and to compare the method with 
other means of measurement of reducing substances in milk. 


METHODS 


Thiamin disulfide reducing substances (TDRS) were determined essentially 
according to the method of Harland and Ashworth (9). Acid ferricyanide re- 
ducing substances (AFRS) were estimated by the Chapman and McFarlane pro- 
cedure (2) as modified by Crowe et al. (4). Ascorbic acid (apparent) was es- 
timated by the method of Doan and Josephson (5). Solubility indices of the 
dry whole milk were performed according to the method of the American Dry 
Milk Institute (1). 

Received for publication November 29, 1948. 
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Drying of the skim milk and the whole milk used in this work was accom- 
plished in an experimental spray dryer of the University of Minnesota. Milk 
flow was regulated to secure an exit air temperature of 85° C. for what was con- 
sidered to be a normal drying temperature and 104° C. for a high drying tem- 
perature. 


(a) 
Preheated 655°C. Prehected 85°C. 
min. 20 min. 
L9% moisture moisture 22% moisture 
30 
(8) 
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3 
3 
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Bo 
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32 
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Fig. 1. The effects cf preheating and drying temperatures on the acid ferricyanide (AFRS) 
and thiamin disulfide (TDRS) reducing substances, ascorbic acid, and keeping quality of dry 
whole milk. Similar results were obtained from a duplicate experiment. 


Heat treatments of the liquid systems were done in thin-walled, 8-inch stain- 
less steel test tubes of 20 ml. capacity immersed in a rapidly-circulating water 
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bath maintained at constant temperature. Deaeration of the liquid systems was 
accomplished by a brief period of boiling, under a pressure of approximately 
25 mm. of mercury, and flooding the system with commercial nitrogen. This 
process was repeated three times before heating in an atmosphere of nitrogen. 

Scoring of the dry whole milk was done according to the student score card. 

Nonfat dry milk solids were prepared from freshly separated milk of good 
quality preheated at 63° C. for 30 minutes. Dry whole milk was prepared from 
good quality fresh milk and had solubility indices not exceeding 0.1. Heat 
treatments. were as indicated in the data. Casein was prepared as previously 
reported (12) and dispersed in a minimum quantity of 0.1 N NaOH to pH 6.6 to 
obtain the sodium caseinate. Serum proteins were prepared by removal of the 
easein from reconstituted nonfat dry milk solids with acetate buffer at pH 4.5, 
concentration of the whey by freezing, exhaustive dialysis in Visking sausage 
easings and further concentration by pervaporation? from the casing. This 
preparation was stored under toluene at approximately 4° C. until used. Lace- 
tose was of U.S.P. quality. 


RESULTS 
Relation of reducing substances to retention of ascorbic acid and flavor during 


storage. A preliminary experiment was designed to indicate some of the re- 


TABLE 1 
Composition of the simplified systems used for heat treatment 


Casein Milk serum Phosphate 


System (as Na Caseinate) protein Lactose buffer pH 6.6 
(g-/100 ml.) (g:/100 ml.) (g./100 ml.) (nu) 
2 4.75 0.10 
4 one 0.70 4.75 0.10 
5 Reconstituted nonfat dry milk solids 10 g./100 ml. 


lationships of reducing capacity to the conditions of manufacture and storage 
of dry whole milk and to determine whether retention of ascorbic acid and flavor 
during storage is related to reducing capacity. The experimental plan as well 
as the data are presented in figure 1. 

The acid ferricyanide reducing substances (AFRS) (fig. 1B) were not in- 
fluenced significantly by the preheating temperatures used, but were increased 
by the higher drying temperature. This is in agreement with results reported 
in a recent paper (4). Although storage of the powder at 37° C. for periods 
up to 4 weeks had little effect on the AF'RS, storage at 60° C. caused a large in- 
crease in these substances. 

The preheating temperature was the predominant factor influencing the 
thiamin disulfide reducing substances (TDRS) (fig. 1C). The apparent de- 


2 Evaporation of water from the sol through the membrane. (Kober, P. A., Pervaporation, 
Perstillation, and Percrystallation. J. Am. Chem. Soc., 39: 944-48. 1917.) 
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crease in these substances during storage of the dry whole milk at 60° C. for 
4 weeks could not be substantiated when this experiment was repeated. High 
drying temperatures appear to depress slightly the TDRS produced in the milk 
by heat treatment. 

The protective action of the higher preheating temperature on the ascorbic 
acid content of the dry whole milk both during drying and in subsequent storage 
is apparent in figure 1D. The high drying temperature also seems to afford some 
degree of protection for this easily oxidized substance. 


(B) 
(A Buffered Systems of Caseinate 


) 
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Fig. 2. The effect of heat treatment of skim milk and simplified systems on production of 
thiamin disulfide reducing substances. The points shown in these graphs are the average of at 
least two values. 


The flavor scores (fig. 1E), although typically rather erratic, show some in- 
creased retention of quality during storage as the result of the higher preheating 
temperature. 

Source of TDRS and AFRS produced during heat treatment. It is believed 
generally that the sulfhydryl groups liberated in milk during heat treatment 
originate from the proteins and, more specifically, the serum proteins. To obtain 
information on this point skim milk (actually reconstituted nonfat dry milk 
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solids) and various simplified systems, the composition of which is tabulated in 
table 1, were heat-treated at various temperatures for periods up to 120 minutes. 
Reducing power was determined in these systems by both the thiamin disulfide 
and acid ferricyanide methods. Since during preliminary trials the oxygen 
tension of milk had been found to affect the production of TDRS, the systems 
studied in this experiment were deaerated before beginning the heat treatments. 
The data for TDRS and AFRS are shown in figures 2 and 3, respectively. 


(a) Systems of Loctose, 
ies Reconstituted Dry Skimmilk Caseinate, and Lactose + Caseinate 
© Coseinate 
4 Loctese 
wor O Cosemote + Lactose 
95°C. 


30 60 90 120 
Time of heating in minutes 


(D) 
Buffered Serum Proteins + Lactose 


ep 
ep Pen 


Time of heating in minutes Time of heatin; in minutes 
Fig. 3. The effect of heat treatment of skim milk and simplified systems on production of 
acid ferricyanide reducing substances. The points shown in these graphs are the average of 
at least two values. 


For comparative purposes, skim milk was the first system studied (fig. 2A). 
It may be noted that no TDRS were produced during 120 minutes heating at 
70° C., but they were produced slowly in skim milk during heating at 75° C. 
The maximum amounts of TDRS were produced following a brief (2 to 5 min- 
utes) exposure at 85 and 95° C. The decline in reducing groups during long 
treatment at the higher temperatures may have some significance in processing 
milk where the object is that of obtaining maximum amounts of reducing sub- 


stances. 
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The amount of TDRS obtained from the heat treatment of caseinate or ca- 
seinate plus lactose is practically negligible (fig. 2B). 

The influence of heat treatment on TDRS in buffered serum proteins and 
buffered serum proteins plus lactose is illustrated in figures 2C and 2D, respec- 
tively. These two systems behave in a similar manner in their response to heat 
treatment when measured as TDRS, with the exception that the presence of lac- 
tose has a rather small but significant depressing effect on the amount of TDRS 
produced at each temperature. An incomplete reaction between the liberated 
sulfhydryl groups and the lactose or an inhibition by lactose of the denaturation 
of the protein (16) are alternate explanations for this difference. More TDRS 
are produced in serum protein systems than in an equivalent of the skim milk 
from which they were derived. This increased heat lability may be due either 
to slight denaturation of the protein during isolation or to the differences of 
environment in the milk and the simplified systems. 


TABLE 2 


Comparison of the nitroprusside and thiamin disulfide methods for detection of appearance and 
subsequent disappearance of heat-labile sulfur in milk 


Appearance Disappearance 
After storage> 
Time heated Nitro- TDRS Initial TDRSa 
at 85° C, prusside  (Cysteine-HCl) (Cysteine-HCl) Nitro- TDRS 
prusside (Cysteine-HCl) 
(sec.) (mg./liter) (mg./liter) (mg./liter) 

0 nil nil 14.4 +++ 12.6 
20 nil 0.2 14.4 +H 3.3 
30 +? 0.6 14.4 + 1.8 
45 + > 2.4 11.4 nil nil 
60 ++ > 2.4 


a Milk was preheated at 85° C. for 20 minutes. 

» These samples were selected from among a number of comparisons. Storage was for one 
week at temperatures ranging from 4.4° C. to 37° C. 

The data in figure 3 were obtained for comparison of AFRS and TDRS in the 
same systems. The capacity of milk to reduce ferricyanide recently has been 
considered in another paper (4). It should be pointed out that while the values 
of the TDRS discussed in the preceding paragraphs ranged from the equivalent 
of from 0.0 to 30 mg. of eysteine-HCl per liter, the AF RS on the same basis may 
exceed 500 mg. under similar conditions. 

Only those systems containing both lactose and protein are characterized by 
the production of appreciable amounts of AFRS (fig. 3A, 3B and 3D) during 
heat treatment at 95° C. for 2 hours. The initial reducing capacity of the serum 
proteins is higher if measured by the acid ferricyanide method, but the two 
methods reveal a comparable increase in reducing capacity upon heating (com- 
pare fig. 2C and 3C). 

It is difficult to prove exactly what groups in the protein are measured by 
thiamin disulfide. Some data have been obtained, however, which indicate that 
positive nitroprusside tests and the initial appearance of TDRS occur at about 
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the same level of heat treatment. Furthermore, upon storage of heated milk in 
air, the decrease in intensity and final disappearance of the reactive groups re- 
sponsible for a positive nitroprusside test is paralleled by the level of TDRS. 
These data are shown in table 2. The nitroprusside and thiamin disulfide tests 
appear to detect the same groups. 

Influence of oxygen tension on production of reducing groups by heat treat- 
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Fic. 4. The influence of oxygen, ascorbie acid and solids concentration on the reducing 
substances produced in nonfat milk solids during heat treatment at 85° C. 


ment. As mentioned earlier, it was found in preliminary trials that the presence 
of oxygen in the system caused a decrease in the amount of reducing substances 
produced during heating. Some further work on this point is reported in figure 
4. The influence of deaeration before heat treatment at 85° C. on the production 
of AFRS and TDRS in reconstituted nonfat dry milk solids and fresh skim milk 
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is shown in figures 4A and 4B, respectively. The presence of oxygen causes 
lower values for both AFRS and TDRS. Since the rates of production of AFRS 
become similar after about 30 minutes heating, regardless of the presence or 
absence of oxygen, it was considered possible that the initial lag in the produc- 
tion of reducing groups might be due to oxidation of the ascorbic acid. In an 
attempt to clarify this point, the data of figure 4C were obtained. The influence 
of oxygen and ascorbic acid on the TDRS during heating of skim milk is shown 
in the upper portion of figure 4C. Ascorbic acid was without effect on the TDRS, 
either in the presence or absence of oxygen. This result was not unexpected, 
since the thiamin disulfide reagent is not reduced by ascorbic acid. Any effect 
of ascorbic acid in this case would have to be indirect. 

Curves 1 and 3 (fig. 4C) were obtained for the production of AFRS in 
samples of milk from which the ascorbic acid had been oxidized completely. 
Curve 1 represents an aerated and curve 3 a deaerated sample. Curves 2 and 
4 are plots of similar data for the production of AFRS in the presence of 20 mg. 
of added ascorbic acid per liter. Curves 5 and 6 result from substracting the 
ascorbic acid from curves 2 and 4, respectively. Since the values for AFRS 
shown in curves 5 and 6 are similar to the corresponding curves 1 and 3 and also 
since curves 2 and 4 and 1 and 3 exhibit comparable effects of the presence of 
oxygen, it may be concluded that ascorbic acid is not a factor in determining the 
amount of AFRS produced during the heating of milk. 

Influence of concentration of milk solids on production of reducing sub- 
stances. In the course of this work, it was discovered that the concentration of 
the milk solids is an important factor in the effect of heat on the production of 
AFRS and TDRS in milk. Nonfat dry milk solids were used to prepare systems 
containing from 9.7 to 96.6 per cent solids for the determination of the produc- 
tion of AFRS during heating (fig. 4D). The rate of production of AFRS in- 
creases very rapidly with increase in the concentration of the milk within the 
range of 40 to 90 per cent solids, but decreases rapidly as the system approaches 
the moisture content of normal dry milk. This decrease in rate of production 
of AFRS with a decrease in the moisture content of dry milk recently has been 
reported by Coulter et al. (3). . 

The systems used for studying the effect of concentration on the production 
of thiamin disulfide reducing substances by heat were prepared by condensing 
fresh skim milk in an all-glass apparatus under reduced pressure. This was 
found to be necessary because attempts to prepare concentrated systems by dis- 
persing nonfat dry milk solids in water resulted in a certain amount of the pro- 
teins becoming insoluble. The data obtained for the TDRS are indicated in the 
upper portion of figure 4D. The TDRS produced during heating remained 
fairly constant up to about 23 per cent solids and fell off rapidly to zero at 57 
per cent solids. 

DISCUSSION 


A comparison has been made of acid ferricyanide and thiamin disulfide as 
oxidizing agents for heat-produced reducing substances in milk. The acid fer- 
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ricyanide reagent is the more powerful oxidant, and consequently reacts with 
other reducing groups in addition to those oxidized by the thiamin disulfide 
reagent. Since the nature of the AFRS has been discussed adequately in a 
recent paper by Crowe et al. (4), only comparisons with TDRS are necessary 
here. 

Unheated milk or milk heated at temperatures up to 70° C. does not contain 
any substance capable of reducing thiamin disulfide, while unheated milk con- 
tains materials in addition to ascorbic acid which reduce acid ferricyanide. The 
TDRS are derived from heat denaturation of serum proteins. This is not sur- 
prising, since these proteins are known to contain most of the cystine-cysteine 
sulfur found in milk. 

Although it is difficult to prove exactly what groups associated with heat 
treated milk serum proteins are measured by thiamin disulfide, the data pre- 
sented in this paper show that this reagent probably is reduced by the same 
groups (undoubtedly sulfhydryls) that reduce the nitroprusside reagent used 
by several investigators in the past, notably Josephson and Doan (13). These 
workers have associated substances that reduce sodium nitroprusside with those 
producing a cooked flavor or those that provide the antioxygenic qualities to 
heated milk. 

Although the presence of TDRS in dry whole milk appears to be associated 
with resistance to fat oxidation, these reducing substances did not decrease 
during storage of dry whole milk for 4 weeks in O, at 37° C. Even though Lea 
et al. (6, 15, 17) did not report any data concerning the stability of sulfhydryl- 
type reducing substances in aged dry whole milk, it is their contention that the 
initial presence of nitroprusside-reducing substances is concomitant with the re- 
sistance of the fat to oxidation in the stored milk. 

The definitely higher reducing values obtained by heating milk in an atmos- 
phere essentially free of oxygen agree with the statements of Greenbank and 
Wright (8) that deaeration of milk results in lower oxidation-reduction poten- 
tial and greater protection of the resulting dry milk from oxidation. The results 
in figure 4C show that this effect is independent of the ascorbic acid content of 
the milk. ; 

The fact that AFRS may be produced during spray drying and TDRS are 
not so produced can be accounted for by consideration of the effect of solids con- 
centration on their production. TDRS are not produced on heating skim milk 
having a solids concentration higher than 60 per cent, whereas AFRS are pro- 
duced at a maximum rate at about 90 per cent solids. Kitzes (14) has shown 
that the temperature of the drying particle is at about the wet-bulb temperature 
of the air during the early stages of drying but approaches that of the dry-bulb 
temperature of the air during the later stages. Thus the particle is subjected 
to high temperature only when its concentration is so high that TDRS are not 
produced. 


SUMMARY AND CONCLUSIONS 


Data have been presented indicating the source of thiamin disulfide reducing 
substances (TDRS) in heated milk and their relationship to acid ferricyanide 
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reducing substances (AFRS) as well as to the keeping quality of the dry whole 
milk. The influence of the oxygen tension and the concentration of the system 
on the production of TDRS and AFRS during the heat treatment have been 
studied. 

The nitroprusside and thiamin disulfide methods for sulfhydryl groups in 
milk have been compared. 

The following conclusions may be drawn from the results secured: 

1. The substances that reduce thiamin disulfide are derived from the heat 
treatment of serum proteins and represent only a portion of the materials ox- 
idized by ferricyanide. 

2. The thiamin disulfide reducing substances appear to be associated with 
increased resistance to oxidation when present in dry whole milk but do not de- 
crease in quantity as the milk fat is oxidized. 

3. The presence of oxygen in milk being preheated depresses the amount of 
reducing substances produced. 

4. The rate of production of thiamin disulfide reducing substances decreases 
with increase in the solids content of heated milk and becomes negligible at solids 
concentrations exceeding 60 per cent. 

5. The rate of production of acid ferricyanide reducing substances in heated 
nonfat milk solids reaches a maximum at about 90 per cent solids. 

6. The thiamin disulfide and nitroprusside reagents measure the same or par- 
allel reducing systems in heated milk. 
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THE EFFECT OF VARYING PROPORTIONS OF EGG YOLK 
AND SODIUM CITRATE BUFFER IN BULL SEMEN 
DILUTERS UPON SPERM MOTILITY 


ERIC W. SWANSON 


Department of Dairying, University of Tennessee, Agricultural 
Experiment Station, Knoxville, Tennessee 


Since the first report of the influence of egg yolk upon bull sperm viability 
by Phillips (5), some form of egg yolk has been a major ingredient of a wide 
variety of diluters proposed for bull semen. Diluters containing egg yolk have 
produced satisfactory results with phosphate, citrate and sulfate buffers. Be- 
cause of the ease of preparation and examination the citrate buffer has been the 
most popular in this country. Two separate types of investigation have made 
it of importance to examine diluters composed of egg yolk and citrate with a 
view to determining optimum concentrations for sperm viability. 

An early report by Salisbury et al. (8) indicated satisfactory results with 
M/15 sodium citrate and egg yolk buffer, but weights listed in a later report (11) 
indicated that a M/7.5 solution had been prepared. The latter was used widely 
with apparently satisfactory results. The writer also had used M/15 citrate 
solutions satisfactorily. When the discrepancy was noted, a comparison was 
made between the freezing point depressions of fresh bull semen and the buffer 
solutions. As a result it was decided to use a concentration about mid-way be- 
tween M/15 and M/7.5. Salisbury and Knodt (9) published a revised formula 
for citrate-egg yolk diluter using 3.6 per cent sodium citrate dihydrate. This 
revision later was explained (10) as being made to correct the osmotic pressure 
of the diluter to that of bull semen at the time of dilution. In the latter report 
Salisbury et al. (10) found that fresh normal bull semen had the same osmotic 
pressure as bovine blood and recommended a concentration of 2.9 per cent sodium 
citrate dihydrate to achieve this in the semen diluter prepared by heating. In 
view of apparently satisfactory results with such a wide variety of concentra- 
tions of sodium citrate, it seemed advisable to determine the limits of citrate 
concentration for satisfactory use in semen diluters. 

Phillips’ (6) original recommendation was for a mixture of one part of fresh 
egg yolk with one part of buffer solution. This pattern generally has been fol- 
lowed by all other investigators proposing the use of egg yolk in semen diluters. 
Mayer and Lasley (3, 4), in a study to determine the active fractions of egg yolk 
in protecting sperm against temperature-shock, found that egg yolk contained a 
harmful acetone-insoluble, alcohol-soluble fraction and a fraction insoluble in 
aleohol, acetone or ether, which was beneficial in minute amounts. Although 
they obtained a yield of 1.5 per cent of the latter material from egg yolk, it gave 
better protection than egg yolk at dilutions as high as 1 in 250 parts of buffer. 
These results suggested that the protective action of egg yolk might be obtained 
at lower concentrations than 50 per cent. 

Received for publication December 2, 1948. 
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EXPERIMENTAL 


The effect of various concentrations of sodium citrate on bull semen was de- 
termined first, since any harmful effect of the buffer could mask the true effect 
of egg yolk in small concentrations. At the same time the protective action of 
large amounts of egg yolk also might protect the sperm against adverse con- 
centrations of sodium citrate. A few preliminary trials showed that 25 per 
cent egg yolk gave practically the same effect on bull semen as 50 per cent in 
M/15 citrate diluter. Therefore the concentration of egg yolk was decreased 
to this point to allow for greater effect of the sodium citrate buffer solutions. 
Buffer solutions were prepared by mixing at room temperature 1, 2, 3, 4 and 
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Fie. 1. Effect of various concentrations of sodium citrate in a yolk-buffer semen diluter 
upon motility of bull sperm (av. of 10 semen specimens). 


5 g. of sodium citrate dihydrate per 100 ml. of water doubly distilled in glass. 
The semen diluters were prepared by mixing three parts of each buffer solution 
with one part of carefully separated egg yolk in 50 ml. graduated cylinders. 
Semen specimens from dairy bulls at the University of Tennessee were diluted 
identically with each of the five diluters before cooling below 28° C. The diluted 
samples were cooled slowly in insulated vials in a small electric refrigerator 
operating at 5° C. Estimations of the percentage of progressively motile sperm 
were made at daily intervals for 10 days. The average results from ten dif- 
ferent semen specimens diluted at the rate of one part of semen to ten or twenty 
parts of each diluter are shown graphically in figure 1. It is apparent that 
the diluters made from 2 or 3 per cent sodium citrate dihydrate allowed better 
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TABLE 1 


Freezing points of various sodium citrate buffer solutions and semen diluters 
prepared from three parts buffer and one part egg yolk 


Freezing point 


Concentration of 
Na,C,H,0, - 2H,O0 Buffer Diluter 
(%) (°C.) (°C.) 
x -0.19 
2 -0.38 -0.40 
3 -0.57 —0.56 
4 . -0.70 
5 -0.88 -0.85 


motility than the others, and in comparison with these the 4 per cent citrate 
diluter seemed unsatisfactory. The 5 per cent citrate diluter had an immediate 
adverse effect on sperm motility. The 1 per cent citrate diluter was tolerated 
better than the 5 per cent, but, in addition to failing to maintain satisfactory 
motility, it caused a high proportion of coiled-tail sperm which could move only 
backwards or in circles. 

In view of the importance of osmotic pressure upon cell metabolism, the 
freezing points of the buffer solutions and the diluters prepared in this experi- 
ment were determined. These data are presented in table 1. For comparison, 
the freezing point of a composite semen sample from three bulls was determined. 
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Fig. 2. Comparison of effect of 50, 25, and 12.5% egg yolk in semen diluter upon motility 
of bull sperm (av. of 11 semen specimens). 
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The freshly collected semen was cooled in ice water and the freezing point was 
determined within 1 hour. An average value of —0.56° C. was found. The 
diluter prepared with 3 per cent citrate buffer was found to have the same 
freezing point as fresh bull semen. This solution also resulted in the best av- 
erage motility. With two of the semen samples the diluter made with 2 per cent 
citrate resulted in motility equal to that in the 3 per cent citrate diluter. In. 
no instance was the 4 per cent diluter equal to the 3 per cent diluter. Ap- 
parently bovine sperm are more sensitive to hypertonic solutions of sodium 
citrate than to hypotonic solutions. The freezing point of four egg yolks av- 
eraged —0.57° C. It would be expected that the egg yolk would not affect sig- 
nificantly the tonicity of a diluter made with isotonic buffer solution. 
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Fig. 3. Comparison of effect of 25 and 10% egg yolk in semen diluter upon motility of 
bull sperm (av. of 11 semen specimens). 


In view of the results from the first part of the experiment a buffer solution 
of 3 per cent sodium citrate dihydrate was adopted for the comparisons of egg 
yolk concentration. All samples of semen used in this phase of the experiment 
were not treated with each concentration, but series of trials were made in which 
three or four different concentrations of egg yolk were compared. The semen 
generally was diluted at the rate of one part semen to ten parts diluter. In 
the first trial 11 semen specimens were diluted identically with diluters made 
with 50 per cent, 25 per cent and 12.5 per cent egg yolk, respectively. The av- 
erage daily progressive motility of semen stored at 5° C. noted in this trial is 
shown graphically in figure 2. The 25 per cent egg yolk diluter resulted in 


SEMEN DILUTERS 349 


practically the same motility as the 50 per cent diluter. The 12.5 per cent egg 
yolk gave very good motility for the first 2 days of storage but was definitely 
inferior to the other two diluters. 

In the second trial comparisons were made between 25 per cent egg yolk and 
10 per cent egg yolk and citrate diluter. Charts of the average daily progressive 
motility ratings of 11 semen specimens used in this trial are shown in figure 3. 
The 10 per cent egg yolk, although it was not as good as the 25 per cent diluter, 
maintained surprisingly good sperm motility, quite comparable to that observed 
with the 12.5 per cent diluter. 

A third trial was made to attempt to locate the limit of egg yolk concentration 
which would be effective in maintaining motility. In this trial comparisons were 
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Fic. 4. Comparison of effect of 25, 20, and 5% egg yolk in semen diluter upon motility of 
bull sperm (av. of 11 semen specimens). 


made between 25 per cent, 20 per cent, and 5 per cent egg yolk diluters. The 
average daily progressive motility ratings found from the 11 semen specimens 
used in this trial are plotted in figure 4. Identical effects were observed with 
20 and 25 per cent egg yolk in the diluter. When only 5 per cent egg yolk was 
used, a greater difference was observed after the first day of storage than had 
been observed between the 10 or 12.5 per cent egg yolk and 25 per cent egg yolk 
diluters. It was clear, however, that even this very low concentration of egg 
yolk provided some beneficial effect. Two samples of semen diluted with only 
the buffer solution declined to 5 per cent progressive motility in 96 hours while 
the same semen diluted with only 5 per cent egg yolk in the diluter had 20 per 
cent progressive motility at 96 hours. 
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TABLE 2 


Effect of varying proportions of egg yolk and 3 per cent sodium citrate buffer upon 
the resistance of bull sperm to cold shock 


Live sperm 
Sperm killed 
Diluter Before shock After shock 
(%) (%) (%) 

Series I (av. of 3 samples 

uncooled semen) 
No diluter 81 + 77 
1:1, yolk: buffer 85 55 30 
1:3, yolk: buffer 78 46 32 
1:7, yolk: buffer 80 46 34 
Series II (av. of 2 samples 

uncooled semen) 
No diluter 69 2 67 
3% citrate buffer 74 1 73 
1:3, yolk: buffer 73 35 38 
1:9, yolk: buffer 74 33 41 
Series III (av. of 7 samples 

cooled and stored semen) 
1:3, yolk: buffer 78 69 9 
1:4, yolk: buffer 80 67 13 
1:19, yolk: buffer 73 54 19 


Since the protective action of egg yolk against temperature shock of sperm 
is a very important factor in the use of semen diluters, a study was made of the 
effect of the various concentrations of egg yolk in preventing death of sperm 
subjected to rapid cooling. Smears for the determination of live and dead sperm 
were made, by a staining technic of Lasley et al. (2), before and after cold 
shocking by placing test tubes of semen at 20° C. in a brine bath at 0 to —1° C. 
for 10 minutes. Three series of semea samples prepared for the storage studies 
reported above were treated in this manner. The cold shock treatment was given 
two series of samples within a few minutes after collection of the semen and be- 
fore cooling had proceeded below room temperature. The third series was 
studied after the samples had been cooled gradually and kept in storage at 5° C. 
for at least 24 hours. These comparisons were presented in table 2. 


TABLE 3 


Effect of varying proportions of egg yolk and citrate buffer upon the resistance of bull 
sperm to cold shock before and after storage at 5° C. 


Before cooling After 72 hr. at 5° C. 
: Live sperm Live sperm 
Diluter Sperm Sperm 
Before After Killed Before After Killed 
Shock Shock Shock Shock 

(%) (%) (%) (%) (%) (%) 

No diluter 57 15 42 38 12 26 

3% citrate buffer 65 18 47 63 33 30 

1:4, yolk:citrate 71 40 31 63 50 13 

1:9, yolk:citrate 70 41 29 60 48 12 


1:19, yolk :citrate 68 43 25 62 43 19 
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It is evident from these results that diluter containing 12.5 or 10 per cent egg 
yolk was as effective in protecting against cold shock as was diluter containing 
25 or 50 per cent egg yolk. The trial with stored semen indicated that 5 per cent 
egg yolk was inferior to 20 or 25 per cent in protective action, but that all con- 
centrations exerted greater protective action than observed in uncooled semen. 
This effect was checked in a fourth series of three semen samples from different 
bulls with which the protective action of egg yolk was determined before cooling 
and after 72 hours storage at 5° C. The average results of this trial are pre- 
sented in table 3. 

These data indicate that 5 per cent egg yolk was practically as effective in 
protecting sperm against cold shock as were concentrations of 10 and 20 per cent. 
The increased resistance of sperm to cold shock after storage was noted as before, 
but it occurred in samples not diluted with egg yolk as well as those containing 
egg yolk. Some change may occur in stored sperm which affects their staining 
properties in addition to their acquisition of the egg yolk protective factor. 


DISCUSSION 


These experiments have demonstrated that the concentration of sodium citrate 
in the semen diluter may influence the viability of sperm. The optimum con- 
centration was found to be that which gave a freezing point nearest that of 
freshly collected semen. This indicates that the influence of osmotic pressure 
may be important in preparing semen diluters. This is in agreement with the 
report of Salisbury et al. (10). The observation that hypotonic solutions were 
less harmful than hypertonic may be explained by the fact that as semen ages, 
lactic acid increases, causing an increase in the osmotic pressure which could be 
counteracted by a hypotonic solution, but only aggravates an incompatible con- 
dition in a hypertonic solution. It may be shown by later, more definitive ex- 
periments that some concentration of sodium citrate between 2.5 and 3 per cent 
is superior to 3 per cent. 

The experiments with varying concentrations of egg yolk indicate that satis- 
factory results may be expected with much less than 50 per cent yolk in the di- 
luter. The point of critical concentration was not determined definitely. From 
viability studies it would appear to be somewhere between 20 and 12.5 per cent. 
The former gave the same motility as with 50 per cent yolk, while the latter was 
lower in motility after the first 2 days of storage. Whether or not differences 
would appear in fertility cannot be decided without extensive breeding trials. 
Bovine semen used at the University of Tennessee has been diluted with 3 per 
cent sodium citrate buffer and egg yolk, three or four parts to one, routinely for 
over 12 months. This semen has been used for inseminating up to 3 days of age 
with excellent results. 

Reducing the egg yolk concentration to 10 per cent had no apparent effect 
upon the protective action during cooling or cold shock. Since motility was not 
maintained as well with 10 per cent yolk as with 20 to 50 per cent, the lack of 
sufficient protective factor may be considered of secondary importance in mixing 
semen diluters with egg yolk. Factors necessary for the maintenance of the 
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highest motility other than protective factor must be present in egg yolk. One 
of these may be viscosity. Knoop (1) found that gelatin increased livability of 
sperm and Phillips and Spitzer (7) reported beneficial effects on sperm livability 
of certain gums. These substances increase the viscosity of diluted semen and 
reduce the motility during storage. Perhaps a certain amount of egg yolk (20 
to 25 per cent) provides a similar condition. 

Reducing the amount of egg yolk used in preparing semen diluter not only 
makes the preparation of the diluter more economical and less laborious, but 
results in a relatively clear field under the microscope in which estimation of 
semen motility is easier and more precise than when large concentrations of egg 
yolk are used. 

SUMMARY 


An investigation has been made of the egg yolk-sodium citrate buffer di- 
luter for bull semen with the view of establishing optimum concentrations. It 
was found that 3 per cent sodium citrate dihydrate was superior to other con- 
centrations tried, and this solution was nearly isotonic with fresh bull semen. 
Reducing egg yolk concentration to 20 per cent gave as good motility and livabil- 
ity as the commonly used 50 per cent. When egg yolk was reduced to 10 per 
cent the cold shock protective factor was still fully effective but motility was 
impaired slightly. 
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OXYGEN DAMAGE TO BULL SPERMATOZOA AND ITS 
PREVENTION BY CATALASE?* 


N. L. VANDEMARE2, G. W. SALISBURY?, anp R. W. BRATTON 


Laboratory of Animal Breeding and Artificial Insemination, Department of 
Animal Husbandry, Cornell University, Ithaca, New York 


In the practice of diluting and storing bull semen for use in artificial breed- 
ing it has been accepted generally that the spermatozoa remained motile longer if 
stored with a minimum of air space above the semen and subjected to a minimum 
of mixing. 

MacLeod (5) showed in 1941 that high oxygen tensions were harmful to 
human spermatozoa. On the basis of the first experiment reported here, which 
was completed in 1944, and other evidence, Salisbury (10) reported that bull 
spermatozoa in low concentrations were harmed by oxygen. 

MacLeod (6) found that adding catalase or peroxidase to human semen would 
prevent the harmful effects of the oxygen. This suggested that the deleterious 
effect of oxygen on spermatozoa was due in part to hydrogen peroxide. Hydro- 
gen peroxide has been shown to be toxic to human (6) and bull spermatozoa (3). 

Recent investigations by Tosic and Walton (15, 16) and by Tosie (14) have 
shown that bull spermatozoa stored under aerobic conditions produced hydrogen 
peroxide. They have shown that an oxidative deamination of L-tryptophane, 
L-tryosine, or L-phenylalanine by the spermatozoa was responsible for the produc- 
tion of hydrogen peroxide and this in turn resulted in an inhibition of spermato- 
zoan motility and respiration. This inhibition was reversed when catalase was 
added. 

These reports suggest that oxygen damage to diluted bull semen may occur in 
the routine handling of bull semen for artificial insemination, and that the pro- 
cedures carried out involving shaking the semen may increase these effects 
through increased aeration and exposure to the oxygen of the air. Since the ex- 
periments reported in this paper were completed, Prince and Almquist (9) have 
shown that agitation of diluted bull semen was more harmful in partially filled 
tubes than in full tubes. : 

The experiments reported here were designed to determine (a) the effect of 
storing diluted bull semen under nitrogen, oxygen and air on the activity of the 
spermatozoa, (b) whether deleterious effects from oxygen, if present, could be 
prevented by catalase, (c) whether oxygen damage to spermatozoa is increased 
by gentle mixing of diluted semen under conditions of routine artificial breeding 
and, (d) whether or not catalase would improve livability of spermatozoa under 
routine storage conditions. 


Received for publication December 6, 1948. 

1 The data published in this paper have been taken from a thesis presented by the senior 
author to the Graduate School, Cornell University, in partial fulfillment of the requirements for 
the degree of Doctor of Philosophy, September, 1948. 

2 Present address: Department of Dairy Production, University of Illinois, Urbana, Illinois. 
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EXPERIMENTAL PROCEDURE 


The semen samples used for these experiments were collected from the bulls of 
the New York Artificial Breeders’ Cooperative and examined by the procedures 
described earlier (17). Each of the ten ejaculates used in testing the effects of in- 
cubation and storage under air, oxygen and nitrogen was diluted at the rate of one 
part of semen to four parts of the yolk citrate diluent (13). One ml. aliquots of 
the diluted semen then were measured into three series of four test tubes each. 
Each series consisted of one small 10 x 75 mm. tube and three larger 18 x 150 mm. 
tubes. The small test tube and one large test tube of each series then were stop- 
pered ; these were considered as being ‘‘under air.’’ The other two large tubes of 
each series were closed with two-holed rubber stoppers equipped with one long and 
one short glass tube. One of these large test tubes of each series then was oxy- 
genated for 0.5 minute by allowing a slow stream of oxygen to blow on the surface 
of the diluted semen while the semen was agitated gently. Following oxygenation 
the tube was closed immediately by means of rubber tubes and pinch clamps. A 
similar operation was carried out with the remaining tube of each series using 
nitrogen. One series of the four variously treated tubes then was incubated for 
1 hour at 46.5° C.; the other two series were cooled slowly and stored at 5° C. 

Aliquots of the diluted semen were taken prior to and at the end of incubation 
for 1 hour and after low-temperature storage of 4 and 10 days for analyses to 
determine the change in utilizable sugars and the accumulation of lactic acid. 
At the time when these analyses were carried out, the change in total reducing 
sugars was thought to be essentially a glucose loss; however, more recent findings 
by Mann (7) have shown the principal sugar in semen to be fructose. The changes 
in reducing sugar, called sugar loss, and lactic acid reported in this paper were 
obtained by difference between analyses prior to and those after incubation and 
after low-temperature storage. Slight modifications of the micro blood sugar 
method of Horvath and Knehr (2) and the lactic acid method of Barker and 
Summerson (1) were used for the analyses. 

The percentage and rate of spermatozoan motility were estimated following 
both incubation and low-temperature storage. 

In testing the effectiveness of catalase in preventing the harmful action of 
oxygen on spermatozoa, ten ejaculates of bull semen at dilution rates of oné part 
of semen to four or 100 parts of egg yolk-citrate diluent were used (11). One 
ml. aliquots of each then were measured into three series of four 18 x 150 mm. 
test tubes. To two of the tubes of each series was added 0.1 ml. M/15 phosphate 
buffer containing approximately 0.2 to 0.4 of a unit of beef liver catalase; the 
other two tubes of each series received 0.1 ml. additions of the phosphate buffer. 
One tube without and one tube with added catalase of each series then were 
stoppered and considered as being ‘‘under air’’. The remaining two tubes of 
each series were oxygenated as described above. 

One series of each dilution rate was incubated for 1 hour at 46.5° C. and the 
other two were cooled and stored at 5° C. At the termination of incubation and 
after 4 days and 10 days of low-temperature storage, the samples were opened 
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and the percentage and rate of spermatozoan motility estimated by microscopic 
examination. 

To test the effects of gentle mixing on spermatozoan livability during low- 
temperature storage and to determine simultaneously whether catalase would 
improve livability, ten samples of semen diluted at 1:4 and 1: 100 with the yolk- 
citrate diluent were used. Four 15x 125 mm. test tubes, two with 0.2 ml. M/15 
phosphate buffer added and two with 0.2 ml. of the phosphate buffer containing 
0.4 to 0.8 of a unit of catalase added, were prepared for each ejaculate and each 
dilution rate. Two ml. of diluted semen were added to each tube, mixed and the 
tubes stoppered and cooled to 5° C. 

During storage at 5° C., one tube with and one tube without added catalase 
of each dilution and each ejaculate was mixed gently at approximately hourly 
intervals. Each gentle mixing consisted of inverting the tubes ten times very 
slowly during the course of about 0.5 minute and then removing the stoppers 
and replacing them after another 0.5 minute. This operation was carried out 
on the average of seven times a day for the first 5 days and then discontinued. 
This was considered to duplicate to a large extent the conditions of mixing the 
semen at each breeding as carried out by inseminators in the field. 

The remaining tubes, one with and one without added catalase at each dilu- 
tion, were used as controls and were mixed only once a day at the time of examina- 
tion for motility. Motility examinations were made daily for 10 days on all 
samples. 

RESULTS 


Spermatozoan activity during incubation and storage under air, oxygen and 
nitrogen. The mean initial semen characteristics of the ten ejaculates used in 
this study were as follows: sperm count, 988,000 per mm.*; initial motility, 63 
per cent; rate of motility, 3.65 (maximum =4) ; and methylene blue reduction 
time, 10.5 minutes. The average quality of these ejaculates was slightly below 
that normally required for actual breeding by the New York Artificial Breeders’ 
Cooperative. 

The results of this study are summarized in table 1, where the means of the 
observations on the ten ejaculates during incubation and storage are presented. 
This table is arranged'so that the results for the four tubes of a series fall into 
the order of decreasing quantity of oxygen in the tubes (O2, large tube with a 
large volume of air, small tube with comparatively less air, and N2). 

From table 1 it can be seen that, with the exception of the small tube and 
large tube at low-temperature storage after 4 days, each decrease in the relative 
amount of oxygen present resulted in a slower decline in the percentage and rate 
of spermatozoan motility. Although the methods used did not give an absolute 
measure of the oxygen present, the results show that reducing the relative amount 
of oxygen sealed in the storage tube produced a notable increase in livability 
during incubation and low-temperature storage. An analysis of variance of the 
motility observations showed a highly significant difference between treatments 
(air, O2, and N.) for both percentage and rate of motility. 
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Under oxygen, less sugar disappeared during incubation and storage for 4 
days than was lost from the other treatments. However, after storage for 10 
days there were no significant differences in sugar losses between any of the treat- 
ments. This was the same as was found earlier when sugar disappeared after 
storage for 10 days independent of semen quality (12). 

Lactic acid gain, on the other hand, paralleled the increases in motility with 
the exception of the nitrogen treatment. In every case less lactic acid accumu- 
lated under nitrogen than under air, but more than under oxygen. Under oxy- 
gen less lactic acid was present at 10 days than was present at 4 days. This sug- 
gests that the lactic acid was oxidized. 

The figures for the percentage recovery of sugar lost as lactic acid indicate 
that during storage for 4 days lactic acid was produced from some source other 


TABLE 1 


Mean per cent motility, rate of motility, sugar loss, lactic acid gain and per cent recovery of 
sugar lost as lactic acid in 10 ejaculates of bull semen after incubation and low 
temperature storage under air, oxygen, and nitrogen 


After ineubation for 1 hr. After storage at 5° C. 


at 46.5° C. 4 days 10 days 
Large Small Large Small Large Small 

tubea Ns 0, tubea tube@ tubea tuber Ne 

Motility (%) 
1 21 30 40 34 55 55 63 10 32 34 39 

Rate of motility (max. = 4.0) 

0.1 1.2 1.6 2.2 1.7 3.1 3.1 3.3 0.5 1.4 1.6 1.8 
Sugar loss (mg./100 ml.) 

31 51 62 60 30 58 60 47 84 89 78 88 
Lactic acid gain (mg./100 ml.) 

24 45 50 49 41 53 59 48 31 65 68 52 
Recovery of sugar lost as lactic acid (%) 

77 88 81 82 137 91 98 102 37 73 87 59 

a Under air. 


than the sugar, since the sugar loss was not enough to account for the accumu- 
lated lactic acid. From the percentage recovery of sugar lost as lactic acid 
under nitrogen during storage for 10 days it appears that either lactic acid is 
utilized by the spermatozoa, thus reducing the total accumulation, or that some 
of the sugar lost is broken down to a product other than lactic acid. Lardy and 
Phillips (4) have indicated that spermatozoa can utilize lactic acid for the main- 
tenance of motility. 

Prevention of the ill effects of oxygen on-spermatozoa by the use of catalase. 
The results in the study of ten ejaculates of semen stored under oxygen and under 
air, with and without added catalase, are presented in table 2. From these data 
it ean be seen that oxygen again was harmful to spermatozoan motility, thus con- 
firming the findings of the first experiment. The presence of catalase in semen 
diluted either at the low or high rate and incubated or stored under oxygen was 
effective in maintaining a higher percentage of motile spermatozoa and at a higher 
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TABLE 2 


Mean percentage and rate of spermatozoan motility of 10 ejaculates of bull semen at two 
dilution rates after incubation and storage under oxygen and air with and without 
added catalase. (Mean initial motility 63%; rate, 3.2) 


After incubation for After storage at 5° C. 


1 hr. at 46.5° C. 


4 days 10 days 
0. + Air + 0. + Air+ 0. + Air+ 

on Cat. Cat. Air ‘Cat. Os Cat. ae Cat. 
Motility (%) 1:4 Dilution 

4 42 41 44 14 38 40 43 8 17 8 22 
Rate of motilitya 

0.3 2.2 2.4 2.5 0.6 1.8 2.0 2.2 0.4 0.8 0.4 1.0 
Motility (%) 1: 100 Dilution 

1 20 14 19 7 24 30 37 1 3 3 10 
Rate of motility 

0.1 1.4 1.2 1.4 0.4 1.3 1.5 fy f 0.1 0.1 0.2 0.5 


a Maximum = 4. 


rate of motility. The results show that those samples stored under oxygen in the 
presence of catalase maintained their rate and percentage of motile spermatozoa 
as well as, or better than, those under air during incubation and after storage for 
10 days at 5° C. However, after 4 days at 5° C., motility was slightly better in 
the samples stored under air than under oxygen with added catalase. 

Without exception the samples under air to which catalase had been added 


TABLE 3 


Comparison of the effects of gentle mixing versus no mixing on the mean per cent of motile 
sperm in 10 ejaculates of bull semen at two dilution rates stored with and without 
added catalase. (Mean initial motility, 63%) 


Days Storage at 5° C. 


Sample 
1 2 3 4 5 6 7 8 9 10 
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 
1:4 Dilution 

Non-mixeda 

Control 56 53 47 42 34 24 16 10 6 4 

+ Cat. 56 53 48 46 42 36 32 24 15 12 
Mixed> 

Control 55 50 37 31 23 16 9 6 4 2 

+ Cat. 56 52 47 42 38 33 28 17 12 9 

1:100 Dilution 

Non-mixed 

Control 54 45 37 26 17 8 4 4 2 1 j 

+ Cat. 54 45 38 35 26 20 17 12 7 7 
Mixed 

Control 54 41 26 18 10 5 2 2 2 1 

+ Cat. 54 44 36 28 20 15 10 8 5 5 


a Non-mixed = no mixing except at the daily observations. 
b Mixed = gently mixed by inverting, this operation repeated on the average of 7 times a 
day for the first 5 days. 
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were higher in per cent and rate of spermatozoan motility than the samples under 
air but without the added catalase. After storage for 4 days at 5° C. the samples 
diluted at the rate of 1 to 100 averaged 7 per cent more motile sperm than when 
no catalase was added. This suggests that the addition of catalase to diluted 
semen used in routine breeding in the field might lengthen its useful life. 

From the protective action of catalase found in these studies it seems reason- 
able to postulate that at least a part of the deleterious effects of high oxygen ten- 
sion on spermatozoan motility is caused by increased H,O, production. The in- 
creased production of H,O, in turn results in the more rapid death of the sperma- 
tozoa. 

The effects of gentle mixing on spermatozoan motility in diluted semen and 
the beneficial action of catalase. The effects of gentle mixing on the maintenance 
of spermatozoan motility in the presence and absence of added catalase are shown 
in table 3. The data on the rate of spermatozoan motility closely paralleled that 
for percentage motility and therefore are not presented here. Gentle shaking re- 
duced considerably the percentage of spermatozoan motility in the control 
samples at both the 1:4 and the 1: 100 dilution rates. However, if the mixed 
samples contained added catalase, motility was maintained better than in non- 
mixed samples without added catalase. In fact, the presence of added catalase 
slowed the decline in the percentage of motile spermatozoa in both the mixed and 
non-mixed samples. Livability was greatest in the non-mixed samples with 
added catalase. Next were the mixed samples with added catalase, followed by 
the non-mixed samples without added catalase. The maintenance of motility was 
poorest in the mixed samples without added catalase. This latter group was near- 
est to the conditions normally carried out in the field in routine artificial breeding. 

Since catalase was effective in preventing the ill-effects of gentle shaking, it 
seems reasonable to conclude that the effect of shaking was due primarily to the 
inereased production of H,O, by the spermatozoa, and not to mechanical injury. 
Mercier (8) found that increased gentle shaking did not increase the number of 
tailless heads or abnormal forms of spermatozoa found in slides prepared for 
staining. 

The beneficial action of catalase, when samples received minimum mixing 
necessitated by the daily examinations, indicates that the spermatozoa were pro- 
ducing H,O, even when subjected to little extra aeration. 


DISCUSSION 


Although the oxygen concentrations were not controlled carefully, the results 
of the first experiment indicated that near-anaerobic conditions were desirable for 
the maintenance of bovine spermatozoan motility. This is similar to the findings 
of MacLeod (5), who has shown that the higher the oxygen tension the quicker 
human spermatozoa lose their motility. Thus for artificial breeding purposes, 
diluted bull semen should be stored in test tubes with a minimum of air space left 
above the semen. Storage tubes of various sizes should be used to ship the semen 
in order to have each tube as nearly full as possible in order to cut down on the 
volume of air and minimize the deleterious effects due to oxygen. 
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Since the present-day methods of shipping and handling bull semen for use 
in artificial insemination involve unavoidable gentle-mixing procedures, the re- 
sults of the experiments presented here suggest that adding catalase to semen 
diluted with the egg yolk-citrate would prove beneficial. The production of hy- 
drogen peroxide undoubtedly is increased by mixing procedures. Added catalase 
would aid in the rapid destruction of the increased quantities of hydrogen per- 
oxide produced and thereby maintain a less toxic environment for the sperma- 
tozoa, thus promoting longer livability. An experiment to test the effects of 
added catalase on conception results in routine artificial breeding in the field is 
underway and will be reported at a later date. 


SUMMARY 


1. Bovine spermatozoan activity was studied in the egg yolk-citrate diluent 
during incubation at 46.5° C. and storage at 5° C. under air, oxygen and nitrogen, 
under air and oxygen with and without added catalase, and during storage when 
subjected to minimum and routine mixing procedures with and without added 
catalase. 

2. Oxygen produced deleterious effects which were manifested by decreased 
motility and livability of the spermatozoa and a reduction in their ability to con- 
vert sugar to lactic acid. 

3. Oxygen damage to spermatozoa was largely eliminated when catalase was 
added to the diluted semen. 

4. Gentle mixing shortened the life of stored bull spermatozoa in the yolk- 
citrate diluent, but the presence of added catalase in mixed samples obliterated 
the harmful effects of mixing. 

5. The effectiveness of catalase in preventing the harmful action of oxygen 
and shaking on bull spermatozoa in the egg yolk-citrate diluent led to the con- 
clusion that increased aeration and higher oxygen tensions speed the production 
of hydrogen peroxide by the spermatozoa and this in turn produces a toxic en- 
vironment, shortening the life of the spermatozoa. 

6. The results suggest that a minimum of air space be left above the diluted 
semen that is stored and shipped in routine artificial breeding and that semen 
samples should be subjected to a minimum of mixing. 
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USE OF DEHYDRATED BANANA MEAL IN THE RATIONS 
OF DAIRY CALVES? * * 


W. D. FYOCK anp C. B. KNODT 
Pennsylvania Agricultural Experiment Station 


Dehydrated banana meal, because of its high pectin content, palatability 
and the proven value of bananas in the treatment of diarrhea in infant and adult 
humans (1, 2, 3, 4, 5) appeared to be of possible value in the rations of dairy 
calves. Analysis of dehydrated banana meal prepared from whole bananas in- 
dicated the following composition: crude protein, 4.70 per cent; ether extract, 
3.10 per cent; nitrogen free extract, 76.10 per cent; crude fiber, 4.30 per cent; 
pectins and tannins, 9.15 per cent. A review of available literature revealed no 
reports relative to the use of this product in animal feeds. 

The objective of the trials presented in this report was to determine the value 
of dehydrated banana meal for growth and for the prevention of scours in dairy 
calves. 


EXPERIMENTAL PROCEDURE 


Six groups of 10 Holstein male calves each were used in the trials presented 
in this report. The calves were obtained in eastern Pennsylvania from private 
and state-owned herds. At the beginning of the trials, the calves were divided 
into six comparable groups on the basis of body weight, height at withers, cir- 
cumference of the chest, and age. 

The calves were housed in an artificially heated and ventilated barn. They 
were maintained in individual pens provided with a water bowl, grain box, hay 
rack and salt block. The calves were distributed throughout the barn to avoid 
as much as possible any positional effects. Measurements of body weight, height 
at withers and chest circumference were taken each Tuesday at 9:00 a.m. and 
the calves always were weighed in the same order. Daily observations were made 
of the condition of the feces of each calf. All cbservations were made by the 
same person to minimize as much as possible any variation. Six categories were 
set up relative to the general character of the feces as follows: W = white scours; 
WB = white scours with blood; N = normal; N1 = loose; N2 = loose +; N3 = very 
loose ; N4 = watery. 

All calves were given one bolus (4 g.) of sulfathalidine at the time of each 
of the first four feedings after arrival at the experimental barn. If scours oc- 
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curred and lasted more than 24 hours during the trial, the calf again received 
the above treatment. 

The calves were fed whole milk, which averaged about 3.7 per cent butterfat, 
from the College research herd. This was fed twice a day according to the fol- 
lowing schedule: 


1-4 weeks 10 lb. per day 
5 2? 8 9? 
7 4 2? 


In addition to milk, the calves were fed their respective group grain mixture 
ad libitum up to 6 lb. per day. All of the grain mixtures as presented in table 
1 contained approximately 17.35 per cent of digestible protein. Group I served 


TABLE 1 
Rations used 
4 G Gr Gro Grou 
Ingredients 7 IV P 
(1b.) 

Banana meal 0 100 400 800 
Ground yellow corn... 600 500 200 125 
Rolled oats 500 488 450 50 
Wheat bran 200 200 200 200 
Soybean meal 250 262 300 375 
Dried skim milk 400 400 400 400 
a 20 20 20 20 
Ground limestone 10 10 10 10 
Steamed bx al 10 10 10 10 
Vit. A oil (3300 USP units/g.) ............ 7 8 8 8 8 
Irradiated yeast .... 2 2 2 2 
Estimated dig. protein (%)  -.rre.ccsso 17.33 17.30 17.38 17.43 


Hing the end of 4 months 300 lb. of soybean meal were substituted for 300 lb. of skim milk 
powder. 


as a control group and received no banana meal. Group II received a ration 
containing 5 per cent banana meal; group III, 20 per cent; and group IV, 40 
per cent. Groups V and VI received the basal ration plus 2 and 4 ounces of 
banana meal, respectively, twice daily, mixed with the milk fed. The whole 
milk was fed to these groups at the same rate as to the other four groups. 

During the first 4 weeks, orchard grass-alfalfa hay of good quality was fed 
ad libitum. After the first 4 weeks, good quality alfalfa hay was fed ad libitum. 
The calves in groups I, II, III and IV were on the trial 24 weeks. The calves 
in groups V and VI were on trial for 8 weeks, 1 week in addition to the milk 
feeding period. 

RESULTS 


Growth. The relative rates of growth of the various groups of calves were 
recorded in terms of pounds of body weight, inches of chest circumference and 
height at withers in inches. The summarized data at 8 and 24 weeks are pre- 
sented in table 2. The most rapid growth during the first 8 weeks was made by 
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TABLE 2 
Rates of growth of calves 
Group Group Group Group Group Group 
I II III IV Vv VI 
Body weight (Ib.) 

Initial ........ 102.0 100.7 99.7 99.0 103.2 111.9 
8 weeks ..... 174.3 175.6 168.9 181.4 155.4 186.6 
24 weeks ... 432.6 445.6 420.8 

Height at withers (in.) 
Initial ........ 29.7 29.5 " 29.8 30.0 29.9 29.8 
8 weeks ....... 33.0 33.0 33.0 33.7 32.6 33.5 
24 weeks ... 41.7 41.2 41.2 41.2 

Chest circumference (in.) 
Initial .......... 31.7 31.5 32.0 31.5 31.2 33.3 
8 weeks ....... 37.6 37.8 37.1 37.9 36.4 38.2 
24 weeks ... 51.3 51.6 51.0 


* Each datum represents a mean of the observations on all calves in the given group at 
the given time. 
group IV. This group gained an average of 1.47 lb. daily as compared to 1.29, 
1.34, 1.24, 0.93 and 1.33 lb. for groups I, II, III, V and VI, respectively. 
The lowest rate of growth, as indicated by body weight gain, was in group V, 
which was the group that received 2 ounces of banana meal mixed with each of 
two daily milk feedings. Statistical treatment of the data by analysis of vari- 
ance indicated that there was no significant difference among groups in body 


TABLE 3 


Incidence of abnormal feces and use of sulfathalidine treatments during first 8 weeks 
(10 calves per group) 


Q 


Group Group Group up Group Group 
I II III Vv 


Wa 


No. of casesa.b 


Ww 0 3 2 1 8 5 
WB 0 0 0 0 0 3 
N1 14 15 20 22 12 8 
N2 2 3 5 2 
N3 0 0 2 1 0 3 
N4 4 0 2 2 0 5 . 
Total 20 21 31 27 24 31 
No. calves having 
abnormal feces@ 7 9 9 10 9 8 
Av. duration (days) ..... 1.5 1.4 az 2.2 1.1 2.7 
No. receiving one treatment 
sulfathalidine? 0... i 4 2 2 5 4 
No. receiving 2 or more 
sulfathalidine treatments*® 1 0 + 1 2 2 


a After initial treatment. 

b W = white scours 
WB = white scours with blood 
N1= loose 
N2 = loose + 
N3 = very loose 
N4= watery 
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weight after being on the trial 8 weeks. There was little variation in height at 
withers of the six groups at 8 weeks, the average daily gain being 0.06 inches 
for each group. The average daily gain in chest circumference at 9 weeks was 
0.11, 0.11, 0.09, 0.11, 0.09 and 0.07 inches for groups I through VI, respectively. 
The differences were not great enough to be significant statistically at 8 weeks. 

Measurements of body weight obtained at 24 weeks showed greater variation 
than did the other measurements. The average daily gains at this period were 
1.97, 2.05, 1.91 and 1.96 lb. for groups I through IV, respectively. All four 
groups were well above the standards reported by Ragsdale (6) for body weight 
at 24 weeks. Analysis of variance indicated no significant differences among 
the four groups in body weight during the trial. Very slight differences were 
observed among groups in measurements of height at withers at 24 weeks. Av- 
erage daily gains at this period were 0.071 inches for group I and 0.067 inches 


TABLE 4 
Incidence of Scours During 24-Week Trial (10 calves per group) 


No. of cases? 


Total 


Av. duration of scours (days) 
No. calves having scours ............. 
No. calves that received only one a 

thalidine treatment 


| 
CH S|] 


No. calves receiving 2 or more sulfa- 
thalidine treatments 


~ 
bo no 
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| 


a See table 3. 


for groups II, III and IV; the differences were not significant statistically. 
Growth in height at withers when compared to the standards reported by Rags- 
dale (6) was well above normal at the end of the 24-week feeding trial. The 
average daily gains in chest circumference after the calves were on the feeding 
trial for 24 weeks were 0.12, 0.12, 0.11 and 0.12 inches for groups I through IV, 
respectively, and there were no statistically significant differences. All groups 
were above normal when compared to the standards reported by Ragsdale (6) 
relative to chest circumference after 24 weeks on the feeding trial. 

Condition of feces. Data relative to the cases of abnormal feces are sum- 
marized at 8 and 24 weeks in tables 3 and 4, respectively. Under the conditions 
of this experiment there appears to be no relation between the amount of banana 
meal in the ration of dairy calves and the condition of the feces. 

Using the average duration of abnormal feces as a criterion, there appears 
to be some value in the use of banana meal in the control of this condition. While 


Group Group Group Group 
I II III IV 

33 
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it did not decrease the incidence, it did decrease the severity at both 8- and 
24-week periods, as indicated by the average duration of cases. 

Feed. Indications are that dehydrated banana meal in the grain ration in- 
creased the palatability of the rations used in these trials (table 5). While the 
total grain consumption during the 24 weeks of the trial shows little variation 
between groups, there was considerable variation among amounts of grain con- 
sumed by each group during the first 6 weeks. These figures indicate that during 
the period when grain feeding was primarily ad libitum, the palatability of the 
grain mix was in direct proportion to the amount of banana meal in the grain 
mixture. 

The total hay consumption during the first 6 weeks showed a tendency for 
the amount of hay consumed to decrease as the amount of grain mixtures con- 
sumed increased during this period. 

Little variation was found among groups in the amount of grain consumed 
per lb. of gain. Group I required 25.0 lb. of grain per lb. as compared to 21.3, 


TABLE 5 
Grain and Hay Consumption 


Group Group Group Group Group Group 
I VI 


II III IV 

(1b.) 
Grain first 6 weeks ......... 375 390 423 586 422 384 
7105 7349 7124 7209 712 835 
Hay first 6 weeks ................ 257 268 237 189 144 207 
8279 7754 6855 7622 470 388 


22.2 and 21.9 for groups II, III and IV, respectively. Hay consumption per 
lb. of gain was 25.0, 22.5, 21.3 and 23.1 lb. for groups I through IV, respectively. 


CONCLUSIONS AND SUMMARY 


1. A study has been conducted to determine the value of dehydrated banana 
meal in the rations of Holstein bull calves. Grain rations containing 5, 20 and 
40 per cent of banana meal were fed for a period of 24 weeks. The calves in 
two additional groups each received 2 and 4 ounces of dehydrated banana meal 
twice per day mixed with the regular milk feeding during the 7-week period of 
milk feeding. 

2. The inclusion of dehydrated banana meal in grain rations at the levels used 
or in the milk fed did not increase significantly the rate of growth in terms of 
body weight, chest cireumference or height at withers during the trial. Simi- 
larly, the feeding of 2 and 4 ounces of dehydrated banana meal with each of the 
twice-per-day milk feedings did not affect significantly the rate of growth during 
the 7-week milk-feeding period. 

3. Addition of 5, 20 and 40 per cent dehydrated banana meal to the grain 
ration or the mixture of 2 and 4 ounces of banana meal with each milk feeding 
did not reduce significantly the incidence of scours under the conditions of these 
trials. 


366 W. D. FYOCK AND C. B. KNODT 


4. The dehydrated banana meal did improve the palatability of the rations 
used. Under the conditions of these trials, banana meal could be used to replace 
part of the ground yellow corn and rolled oats in the rations of dairy calves. 
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THE EFFECT OF PREPARTUM VITAMIN A SUPPLEMENTATION ON 
THE HEALTH AND PERFORMANCE OF THE YOUNG CALF 


A. A. SPIELMAN, H. D. EATON yi J. K. LOOSLI anv K. L. TURK 
Department of Animal Husbandry, Cornell University, Ithaca, New York 


The relationship of the quantitative and qualitative factors of the maternal 
diet other than extreme deficiencies to the health of the newborn calf has received 
only limited attention, yet it is apparent that not only is such information of 
physiological significance but also of economic importance to the dairyman. 

Spielman et al. (21, 22) and Wise et al. (25) were able to demonstrate an 
increased amount of vitamin A in the blood and livers of newborn calves and 
in colostrum when the dams were fed supplementary vitamin A during the later 
stages of the gestation period. 

The purpose of the present study was to determine the effect of prepartum 
vitamin A supplementation on the health and performance of the young calf. 


EXPERIMENTAL PROCEDURE 


A total of 59 cows of the Brown Swiss, Guernsey, Holstein and Jersey breeds 
calving in the Cornell University herd from October, 1946, to July, 1947, were 
allotted to one of four dietary groups 30 days prior to the calculated parturition 
date. Breed, age, number of previous gestations, length of dry period and 
previous feeding history were considered in placing cows in a particular dietary 
grouping. The four dietary groupings were as follows: (a) a basal ration of 
good quality timothy and clover mixed hay, corn silage and a grain mixture 
containing 12 per cent crude protein; (b) basal ration plus 1 million I.U. of 
vitamin A daily in the form of alfalfa leaf meal; (c) basal ration plus 1 million 
I.U. of vitamin A daily as vitamin A alcohol; (d) basal ration plus 1 million I.U. 
of vitamin A daily as vitamin A ester. The hay and silage contained an average 
of 11.8 and 5.0 y of carotene per g., respectively, as determined by the method 
of Moore and Ely (10) as modified by Nelson et al. (11). Cows calving during 
October and November received a limited amount of fall pasture. These cows 
were divided equally among dietary groupings. The dehydrated alfalfa leaf 
meal contained an average of 114 mg. of carotene? per lb. It was hand mixed 
with the grain and fed once daily. The alcohol and ester forms of vitamin A?* 
were administered orally once daily in capsules. The potencies of the alcohol 
and ester forms of vitamin A, as measured by the Evelyn photoelectric col- 
orimeter, were on the average 13.75 and 13.65 mg. of vitamin A per g. of oil. 


Received for publication December 13. 1948. 

1 Now at the University of Connecticut, Storrs. 

2It was assumed that 0.25 y of vitamin A was equivalent to 1 I.U. of vitamin A and that 
0.6 y of carotene was equivalent to 1 I.U. of vitamin A. 

3 The alcohol form of vitamin A was diluted in corn oil and was manufactured to contain 
&5,000 I.U. of vitamin A per g. The ester form of vitamin A was made up of the ester form 
of fish liver oil and manufactured to contain 55,000 I.U. of vitamin A per g. Both vitamin A 


supplements were supplied by Dr. André E. Briod of the Nopco Chemical Company, Harrison, 
New Jersey. 
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Calves were left with their dams for the first 2 days after birth. They then 
were moved to individual pens and raised according to the Cornell dry-calf 
starter method (23). Milk was fed twice daily from nipple pails. Each calf 
received its mother’s milk up to 8 days of age and thereafter herd milk. Starter 
and mixed timothy and clover hay were fed free choice, and water was before 
the calves at all times. Feed intakes and refusals were recorded. Calves were 
weighed at birth and at weekly intervals thereafter up to 4 weeks of age. Blood 
samples were drawn from the jugular vein at birth and at weekly intervals 
thereafter up to 4 weeks of age. Plasma carotene and vitamin A were deter- 
mined by the method of Kimble (8). 


TABLE 1 
The effect of the prepartum diet on the carotene content of the plasma of young calves 


No. of Carotene content of plasma (y/100 ml.) at ages of: 


calves Birth 1 week 2 weeks 3 weeks 


‘Breed 


Controls 
10.5+ 1.6 
14.5+ 0.5 
25.8+ 6.3 
38.0 
14.2+ 2.2 


Alfalfa leaf meal 


Holstein 14.4+ 3.1 
Brown Swiss 14.5+ 5.5 
Jersey 14.0 

All Breeds 16.2+ 2.4 


Alcohol form of vitamin A 


Holstein 
Brown Swiss 
Guernsey 
Jersey 

All Breeds 


I+ I+ I+ 


woouwrw 
our 


I+ 


Holstein 

Brown Swiss 

Guernsey 

Jersey 14.0 

All Breeds 21.4+ 4.7 


Ester form of vitamin A 


Holstein 

Brown Swiss 
Guernsey 

Jersey 

All Breeds 16 


a Values given are mean + standard error of the mean. 


The data were treated statistically by analysis of variance as described by 
Love (9). Only Holstein calves were included in the reported analyses of the 
data because of the unequal distribution between grouping of calves of the other 
breeds. However, analysis including all breeds gave essentially the same dif- 
ferences as when only Holstein calves were included. Only those differences 
significant at the 1 per cent level are included as real differences. In the case 
of scours, the total number of days each calf was free from scours was divided 
by the total number of experimental days and the resulting quotient multiplied 
by 100 to give a percentage. The percentage then was converted to the appropri- 


4 weeks 
14 11.9+ 1.9 12.54 2.0 17.94 3.5 
2 19.54 1.5 115+ 55 255+ 15 
2 29.3+ 8.3 35.54+14.5  28.54+10.5 
1 30.0 30.0 39.0 
: 19 15.7+ 2.2 15.8+ 26 211+ 3.0 
151+ 24 13.8+ 19 
115+ 25 23.54 05 
35.5+ 2.5 39.04 0.0 
21.0 30.0 
17.9+ 26 200+ 28 
4.0 210+ 26 
54.0 35.0 
44.0+27.0  32.0+24.0 
26.0 20.0 
30.8+ 6.6 24.94 4.7 
2.7 +0.6 13.4415 148+ 2.7 171+ 32 17.5+ 27 
1.0+1.0 10.0+ 20 105+ 15 170+ 60 215+ 85 
6.0 27.0 27.0 35.0 32.0 
3.0+1.0 415+ 3.5 47.0+ 3.0 52.0+ 10 37.04 7.0 
2.8+5.0 17.34 28 1914 34 2264+ 38 213+ 2.7 
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ate angle from Bliss’s tables which are contained in Snedecor (17). The angles 
thus obtained then were used in analysis of variance to test for significance. 


RESULTS 


The levels of carotene in the blood plasma of the calves are listed in table 1. 
Holstein calves from dams fed the alcohol form of vitamin A were significantly 
higher in plasma carotene on the basis of all of the experimental data than calves 
from dams in the other three dietary groupings. Also, those calves from dams 
fed the ester form of vitamin A were higher in plasma carotene than those calves 
from dams fed alfalfa leaf meal. At any one age no significant differences were 


TABLE 2 
The effect of the prepartum diet on the vitamin A content of the plasma of young calves 
No. of ; Vitamin A content of plasma (y/100 ml.) at ages of: 
Breed calves Birth 1 week 2 weeks 3 weeks 4 weeks 
Controls 
Holstein 14 3.6+0.5 12.5+1.9 12.8+1.5 10.0+0.9 9.9 + 6.6 
Brown Swiss 2 3.0+0.9 15.7 + 0.2 11.8+0.8 11.8 + 3.2 13.3 + 1.7 
Guernsey 2 2.7+0.4 19.6 + 4.7 11.8 + 5.0 10.4+1.1 9.0 + 2.7 
Jersey 1 5.3 11.9 11.6 6.9 7.8 
All Breeds 19 3.5+0.4 13.6 +1.5 12.54+1.1 10.0 + 0.7 10.1+ 0.6 
Alfalfa leaf meal 
Holstein 9 4.5+0.7 11.1+1.8 10.3 +1.2 10.2 +1.0 9.0+0.8 
Brown Swiss 1 1.9+0.9 11.2+0.8 7:3+0.4 10.3 + 0.4 10.9+1.4 
Guernsey 2 0.3+0.3 8.1+3.7 9.3+4.5 8.5 +0.2 9.0 + 4.6 
Jersey 1 2.0 12.2 8.1 9.0 4.7 
All Breeds 9 3.3 + 0.7 10.7 +1.2 9.6+1.0 9.9 + 0.6 8.9+0.8 
Alcohol form of vitamin A 
Holstein 5 7.2 +0.8 16.3 + 2.7 12.6 + 2.0 12.8+1.9 13.7 +3.1 
Brown Swiss 2 8.5 17.6 15.1 16.5 11.3 
Guernsey 2 7.9+0.5 13.1+5.3 10.8 + 2.2 14.1+4.8 11.14+1.2 
Jersey 1 5.6 26.3 6.6 11.0 11.9 
All Breeds 14 7.34+0.5 16.8 + 2.1 11.8+1.4 13.3+1.4 12.6+1.2 
Ester form of vitamin A 

Holstein 11 9.9+0.6 14.24+1.1 13.7+1.0 13.1+0.7 
Brown Swiss 2 §.9+1.1 12.1+1.1 13.8 + 3.1 10.8+0.8 10.0+0.1 
Guernsey 1 3.3 11.6 11.6 9.1 8.4 
Jersey 2 8.44+5.7 22.8+5.7 13.7 + 0.6 13.2 + 2.7 19.6 + 3.8 
All Breeds 16 8.8+1.6 16.8 + 1.6 13.9 + 0.8 12.9+0.8 13.2 + 0.7 


found between groupings. Calves within a grouping varied significantly among 
themselves during the experimental period and with age (table 1). 

Vitamin A levels in the plasma of calves are given in table 2. Calves from 
dams fed either form of vitamin A were significantly higher in the level of 
plasma vitamin A based on all the experimental data than calves from control 
dams or from dams fed alfalfa leaf meal. There were no real differences between 
either group of calves from dams receiving supplemental vitamin A or between 
calves from control dams and dams fed alfalfa leaf meal. Significant differences 
existed at birth and at 3 and 4 weeks of age but not at other specific ages. Calves 
within an experimental grouping showed significant changes in the blood plasma 
vitamin A levels with age and among themselves (table 2). 
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The liveweight gains, as shown in table 3, were significantly higher for those 
calves from dams fed either form of vitamin A than for those calves from dams 
fed alfalfa leaf meal or dams fed the basal ration alone. In addition, calves 
from dams fed alfalfa leaf meal were significantly heavier in liveweight than 
ealves from control dams. At any one age, the only statistical difference was 
at 4 weeks of age when calves from dams fed the ester form of vitamin A were 


significantly heavier in liveweight than calves from control dams (table 3). 


TABLE 3 


The effect of the perpartum diet on the liveweight of young calves 


Age 
Breed Calves 
Birth 1 week 2 weeks 3 weeks 4 weeks 
(1b.) (1b.) (1b.) (1b.) (1b.) 
Controls 
Holstein 14 95+ 4 95+ 4 98+ 4 101+ 4 108+ 4 
Brown Swiss 2 98+ 2 98+ 3 100+ 1 106+ 1 113+ 0 
Guernsey 2 68 + 22 67 + 23 66 + 22 73 + 28 78+30 
Jersey 1 56 56 59 63 72 
All Breeds 19 90+ 4 90+ 4 92+ 4 96+ 4 103+ 4 
Alfalfa leaf meal 
Holstein 9 98+ 3 99+ 3 102+ 3 108+ 4 117+ 4 
Brown Swiss 2 80+10 88 +16 83 + 20 92 + 23 100 + 20 
Guernsey 2 83+ 6 85+ 8 87+ 9 86+15 98+ 9 
Jersey 1 48 49 54 56 57 
All Breeds 14 90+ 4 92+ 4 94+ 5 99+ 4 107+ 6 
Alcohol form of vitamin A 
Holstein 5 102+ 6 107+ 6 108+ 6 115+ 8 126+10 
Brown Swiss 1 77 79 85 103 104 
Guernsey 2 74+ 2 76+ 3 80+ 5 86+ 3 91+ 7 
Jersey 1 55 55 47 56 65 
All Breeds 9 88+ 7 91+ 7 92+ 8 101+ 8 109+ 9 
Ester form of vitamin A 

Holstein 11 98+ 2 101+ 3 107+ 3 115+ 3 124+ 4 
Brown Swiss 2 86+ 1 87+ 1 88+ 1 93+ 1 103+ 1 
Guernsey z 80 81 89 95 99 
Jersey 2 54+10 59+11 62+12 69 +12 76+14 
All Breeds 16 90+ 4 93+ 4 98+ 5 105+ 5 114+ 5 


There were no significant differences found in the feed consumed by the vari- 
ous grouping of calves (table 4). The incidence of scours (days with scours) 
was significantly lower in those calves from dams fed either form of vitamin A 
than that observed in calves from basal dams. Calves from dams fed alfalfa 
leaf meal had significantly fewer days of scours than calves from basal dams 
(table 4). 


DISCUSSION 


These data furnish additional evidence of the importance of the prepartum 
ration on the subsequent performance of the newborn calf. Not only does the 
prepartum ration influence the storage of vitamin A in the newborn calf and 
in colostrum (21, 22, 25), but the combination of these two factors apparently 


? 
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results in superior performance of the young calf as evidenced by the data pre- 
sented in this paper. Similar data showing statistically higher blood plasma 
levels and liver storage levels have been found in 30-day-old pigs and lambs from 
dams fed supplementary vitamin A during the prepartum period (2). 

The marked absence of response when carotene in the form of alfalfa meal 
is added to the maternal ration, in contrast to that found when either the ester 
or alcohol form of vitamin A is added, is noteworthy. Although earlier data 
(21, 22) have shown that the feeding of carotene per se does influence the caro- 
tene content of colostrum and ~ fetal storage of constine, no appreciable in- 


TABLE 4 


Effect of the prepartum diet on the consumption of milk, starter and hay and 
the incidence of scours in young calves 


No. of 


Breed Milk Starter Hay Secours 
(1b.) (1b.) (1b.) (days) 
Controls 

Holstein 14 224.5+ 5.8 12.5+1.8 4.3+0.9 4.44+1.2 
Brown Swiss 2 222.5+ 6.5 16.0+0.1 8.8+5.7 3.5+0.5 
Guernsey 2 154.0 + 25.0 10.4+0.2 4.8+4.7 7.5+0.5 
Jersey 2 165 15.0 5.0 2 

All Breeds 19 213.7+ 7.4 13.3 +1.3 4.9+0.9 4.5+0.9 

Alfalfa leaf meal 

Holstein 9 238.2+ 3.0 17.8 + 2.9 4.8+1.1 1.6 + 0.7 
Brown Swiss 2 218.5 + 24.5 14.8 + 0.3 7.34+3.2 5.0+5.0 
Guernsey 2 158.5+ 3.4 14.9+3.1 2.7+0.4 3.5+3.5 
Jersey 1 153.0 18.0 5.5 13.0 

All Breeds 14 218.0+ 9.6 17.0+1.9 4.9+0.8 3.1+0.7 

Alcohol form of vitamin A 

Holstein 5 223.4+ 9.0 14.0 + 2.4 8.0+3.3 1.2+1.0 
Brown Swiss 1 244.0 9.5 7.5 0.0 
Guernsey 2 149.5+ 9.5 12.4+4.8 5.5+0.5 3.0+3.0 
Jersey 1 139.0 12.2 4.5 4.0 

All Breeds 9 199.9 + 14.6 12.9+1.6 7.44+1.5 2.2411 

Ester form of vitamin A 

Holstein 11 242.5+ 2.8 14.2 +2.3 4.8+0.9 0.4+0.4 
Brown Swiss 2 236.5+ 6.0 14.8 + 4.2 9.9 +6.1 0.0 + 0.0 
Guernsey 1 161.0 16.1 11.0 0.0 - 
Jersey 2 168.0+ 0 17.2 +9.3 5.2 +0.7 0.0 + 0.0 
All Breeds 16 227.3+ 7.9 15.4+1.9 5.9+1.0 0.3 +0.1 


crease was noted in the vitamin A content as such. Later work by Fountain 
et al. (4) showed that calves from cows on a ration limited to pasture alone had 
blood plasma vitamin A values equivalent to those obtained in calves from dams 
fed grain, silage, hay and a vitamin A supplement. Recent studies (1, 7, 16, 19, 
20, 24) have suggested that vitamin A is utilized more readily by dairy calves 
than is carotene. Also, the absorption and utilization of carotene is influenced 
by the source of carotene and the method of feeding. Crude soybean lecithin 
recently has been demonstrated (3) to influence the absorption and utilization 
of carotene and vitamin A in the young dairy calf. Clearly, this whole field 
needs further study. 
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The same response of calves to either the ester or alcohol forms of vitamin 
A fed to their dams is in agreement with other published information. Ross 
et al. (16) found no appreciable difference in blood plasma levels of vitamin A 
in Holstein heifers when the ester or aleohol form of vitamin A was fed in equiva- 
lent amounts. Regardless of the ration or the form of the supplementary vita- 
min A fed during the prepartum period, practically all of the vitamin A con- 
tained in the colostrum or milk was present in the ester form (14, 22). The 
prepartum feeding of supplementary vitamin A resulted in increases in the ester 
form of vitamin A occurring in the blood plasma (15). The increase in the ester 
form of vitamin A occurred when either the ester form or alcohol form of vitamin 
A was fed. In newborn and young calves the blood plasma vitamin A was pre- 
dominately in the alcohol form, while the vitamin A contained in the liver was 
largely in the ester form. Limited data indicated that these relationships existed 
regardless of the form of supplementary vitamin A fed the dam. 

The apparent absence of beneficial results from postnatal supplementary 
vitamin feeding (5, 6, 12, 13, 18) under so-called normal feeding conditions and 
the beneficial results reported herein in prepartum vitamin A supplementation 
would indicate the need for additional work with emphasis on prepartum nu- 
trition. However, the limited number of calves, especially as to breeds other 
than Holsteins, would indicate the need for additional work before application 
of these results can be realized. 

SUMMARY 


The effects of feeding 1 million I.U. of vitamin A, in the form of dehydrated 
alfalfa leaf meal, the ester form of vitamin A and the alcohol form of vitamin 
A, daily to cows 30 days prepartun on the blood plasma levels of carotene and 
vitamin A, liveweight changes, feed consumption and incidence of scours of calves 
from birth to 28 days of age have been studied. 

Carotene levels in the blood plasma of calves from dams fed the alcohol form 
of vitamin A were significantly higher during the experimental period than 
calves from dams in the other dietary groupings. Also, calves from dams re- 
ceiving the ester form of vitamin A were significantly higher in plasma carotene 
than calves from dams fed alfalfa leaf meal. 

Plasma of calves from cows fed vitamin A as either ester or alcohol was sig- 
nificantly higher in vitamin A than that of calves from the basal dams or those 
fed alfalfa leaf meal. 

Greater liveweight increases were observed in calves from dams fed either 
form of vitamin A than in calves from dams fed the basal ration alone or with 
alfalfa leaf meal. In addition, calves from dams fed alfalfa leaf meal made 
greater increases in liveweight during the entire experimental period than calves 
from basal dams. 

There were no statistical differences found in feed consumption. 

Incidence of scours was significantly lower in calves from dams fed either 
form of vitamin A than that observed in calves from control dams. Calves from 
dams fed alfalfa leaf meal had fewer cases of scours than calves from control 


dams. 
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THE RELATIONSHIP BETWEEN TYPE RATINGS OF AYRSHIRE 
FEMALES AS YOUNG HEIFERS AND AS COWS' 


GEORGE HYATT, JR.,2 W. J. TYLER,’ anp C. T. CONKLIN# 


The type and over-all eye appeal of an animal always has been an important 
factor in selecting breeding stock. Livestock breeders like to compare the type 
of their cattle with that of their neighbors at home, at fairs, and at shows and 
exhibits. Many breeders and educators argue that the type conformation of a 
dairy animal bears little relationship to her usefulness as a producer. They 
argue that a level rump, a cleancut appearance and a well balanced and attached 
udder are of little importance in selecting and breeding cattle. Some have said 
that the show ring has done more harm than good in the development of our 
breeds. Others breeders and educators argue just as strongly that type and 
production go hand in hand, and stress proper type conformation, even to the 
point where some production may be sacrificed. Despite the arguments each 
way, the fact remains that dairymen and livestock breeders of all kinds usually 
try to seek the best type cows for additions to their herds and are willing to pay 
higher prices for these ‘‘typy’’ animals. Type classification programs have been 
adopted by the five major dairy cattle breed associations and, although these 
programs still need to be strengthened, they represent the most scientific ap- 
proach yet devised for the estimation and use of type in a breeding program. 

A study of the inheritance of official type ratings of Ayrshire cows was made 
by Tyler and Hyatt (3), who found heritability to be approximately 30 per cent. 
These same workers found the repeatability between type ratings given to the 
same cow by different inspectors to be 0.55. When the ratings on a cow were 
made by the same inspector the repeatability figures were 0.73, 0.82 and 0.62 for 
three inspectors. 

Johnson and Lush (2) studied yearly type ratings of Holstein-Friesian 
females from 6 months of age to maturity. They state that ‘‘ratings made under 
one year of age were somewhat less repeatable than those made at older ages’’ 
and that ‘‘the increase in permanancy of ratings after one year of age was small.’’ 
When they omitted ratings on heifers less than one year of age, they reported 
a correlation of 0.34 between consecutive ratings when the ratings were made 
by nationally-known dairy cattle judges. 


EXPERIMENTAL PROCEDURE 


If type is heritable and important to breeders of dairy cattle, it is desirable 
that dairymen should be able to cull the poorest type animals from their herds 
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at as early a date as possible to save feed, labor and money. This raised the 
question as to whether the type classification program, as applied to cows, also 
could be used for evaluating the type of young heifers. Therefore, a cooperative 
project was inaugurated in 1942 by the West Virginia Agricultural Experiment 
Station and the Aryshire Breeders’ Association to determine the repeatability of 
heifer classifications at 6-month intervals and the correlation between the sev- 
eral classifications of a heifer and her classification after freshening. The Ayr- 
shire cattle at the West Virginia Agricultural Experiment Station are known 
as the Reymann Memorial Herd and have been on a long-time, carefully con- 
trolled breeding project for more than 25 years. This project does not permit 
the culling of any normal females until they have completed at least one lactation. 

During the period from October, 1942, through April, 1948, 102 Ayrshire 
heifers were classified every 6 months, starting at about 6 or 12 months of age and 
continuing in some instances to 5 years of age. The type ratings were made in 
each instance by an official inspector designated by the Ayrshire Breeders’ Asso- 


TABLE 1 


The average number, mean and standard deviation of ratings on 102 Ayrshire females 
classified as heifers and as cows 


Ratings made as: 


Heifers Cows Combined 
Number of animals 102 102 102 
Average number of ratings ..0.0.0..ccccccccescncnee 4.0 2.4 6.4 
3.15 3.09 3.13 
Intra-animal standard deviation 2.00.00... 0.62 0.65 0.66 


ciation. The inspectors classified each heifer into one of five grades (Excellent, 
Very Good, Good Plus, Good and Fair) similar to the classification program of 
adult animals. In no instance did they have knowledge of the previous classifi- 
eation of the animals until the entire job had been completed. In order to facili- 
tate the analysis of the data the official grades were coded, using 5 for Excellent, 
4 for Very Good, 3 for Good Plus, 2 for Good, and 1 for Fair. 


RESULTS 


Variations in individual ratings of heifers and cows. The 102 females in the 
study had a total of 407 ratings before calving and 243 ratings following calving. 
These two groups of ratings were analyzed by the analysis of variance and the 
intra-animal standard deviations were computed. The results are shown in 
table 1. The variation in the ratings of animals before first calving was ap- 
proximately the same as the variation in ratings given to the same animals after 
they had calved. These standard deviations also are similar to the intra-cow 
variation (standard deviation = 0.64) reported by Hyatt and Tyler (1) for 101 
Ayrshire cows classified two times or more. 

In terms of range (difference between highest and lowest ratings on an animal) 
77 of the heifers, or 75 per cent, varied one grade or none, from the time they 
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first were classified until first freshening, while 57 animals, or 60 per cent, varied 
one grade or none in their ratings from 6 months to 4 or 5 years of age. Before 
first calving 24 per cent of the animals had a range of two grades in their ratings, 
while 38 per cent of the animals showed a range of two grades when all ratings 
were considered. Only one heifer varied three grades before first calving, while 
six animals varied three grades for all ratings. 

A review of the classification ratings of the six animals that ranged three 
grades showed that one heifer (no. 789) was classified Very Good at 12 months 
of age, Good Plus at 18 and 24 months, Fair at 30 months, and Good following 
freshening. Each time she was classified her feet and legs were Fair or Good 
and her final rating depended upon how severe a cut the inspector thought should 
be placed on that defect. Heifer no. 737 classified Good Plus at 6 and 18 months, 
Very Good at 12, 24 and 30 months. The first two times following freshening 
she classified Very Good, then dropped to Good and 6 months later classified 
Excellent. At the time she was classified Good she was dry and showed very 
little udder development. However, during heavy lactation following freshening, 
she showed a large and well-balanced udder and was classified Excellent. Heifer 


TABLE 2 


Average classification score of 33 heifers at 6, 12, 18 and 24 months 
and 73 heifers at 12, 18 and 24 months of age 


Average classification rating 


No. of 

heifers 6 mo. 12 mo. 18 mo. 24 mo. 
33 2.91 3.12 3.10 3.06 
73 3.15 3.18 3.21 


no. 729 classified Very Good at 12 months, Good Plus at 18 months and Good at 
24 months. Following freshening, she was classified twice as Fair before leaving 
the herd. In each instance she was criticized for lacking in fore udder develop- 
ment and attachment. This fault appeared to become progressively worse as she 
became older. Heifer no. 727 classified Good Plus at 6 and 30 months, Very Good 
at 12 months and Good at 24 months. The first time after freshening she class- 
ified Good Plus but was dropped to Fair at the next classification. In each 
instance she was criticized for being sickle-hocked, and this condition became 
more defective as she became older. The other two animals that varied three 
grades were criticized for similar faults. 

Effect of age on average type ratings of heifers. There were 33 heifers that 
were classified at 6, 12, 18 and 24 months of age. The averages of the ratings at 
the four different ages were approximately the same. This also was true of a 
group of 73 heifers classified at 12, 18 and 24 months of age. The results are 
shown in table 2. 

These results seem to be contrary to the popular belief of many dairymen 
that most heifers appear to look typier at about 6 months of age than at any 
other time before freshening. 

A comparison of the classification ratings of heifers before first calving with 
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TABLE 3 


The correlation coefficients (r) between the various classification ratings of heifers at 6, 12, 18, 
24 and 30 months of age and between these ratings and the 1st, 2nd and average 
of 1st and 2nd after-calving (AC) ratings 


Age 
Age 6 mo. 12 mo. 18 mo. 24 mo. 30 mo. oy 
No. r No. r No. r No. r No. r No. r 

12 months 42 .30 
18 months 39 .10 89 .472 
24 months 42 .331 92 .312 94 .382 
30 months 20 .40 66 .482 67 .572 73 «542 
Ist AC 42 .331 92 .312 93 .221 102 .251 73 352 102 .372 
2nd AC 29 .23 67.271 69 .291 76 «4.18 60 .452 76 .402 
Av. 1st and 

2nd AC 29 67 .362 69 .402 76 .292 60 .402 76 

1P <.05> .01 

2P<.01 


their ratings after freshening. Correlation coefficients were computed between 
the various ratings before calving and also between the ratings before first calv- 
ing and the ratings after calving. These coefficients are shown in table 3. Be- 
cause of the limited number of animals in this experiment, the sampling errors are 
large. Thus, no particular age group had a significantly higher value for pre- 
dicting after-calving ratings. The correlation between the average of the sev- 
eral ratings of each heifer before first calving and her first and second ratings 
after calving were 0.37 and 0.40, respectively. This is slightly smaller than the 
repeatability figure of 0.55 between the ratings of cows classified by different 
inspectors (1). 

The regression of average after-calving ratings on the average ratings before 
ealving was 0.45. An example of the use of this regression may be shown as 
follows: The type ratings of the heifers before first calving were compared with 
their ratings after calving by placing all the heifers in groups according to their 
average classification score prior to first calving. This average group score be- 
fore freshening’ was then compared with the average classification score of the 
same group after first calving. The average score was computed by giving each 
animal 92.5 points for each Excellent rating, 87.5 for Very Good, 82.5 for Good 


TABLE 4 
Average classification ratings by groups before and after calving 
Average rating of No. of Average of each Average of each 
animal before calving Pron group before. group after 
by groups calving calving 
Below 80.5 14 78.6 80.1 
80.5-82.5 34 82.0 81.5 
82.6-85.0 31 84.4 83.0 
Above 85.1 23 87.1 84.5 
Total 102 83.4 82.4 


Regression of average after-calving rating on average before-calving rating = 0.45. 
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Plus, 77.5 for Good, and 72.5 for Fair, and then adding up the points and dividing 
by the total times classified. Those animals that averaged below 80.5 were placed 
in one group, those whose average ratings were between 80.5 and 82.5 fell in 
the second group, while the other two groups were comprised of animals whose 
average classification scores were between 82.6 and 85.1 and higher. The aver- 
age of each group before calving is given in table 4 and can be compared with 
the group average of the same animals after they have freshened. The heifers 
that were in the two lower groups, as far as type was concerned, still had the 
lower classification average after they were rated as milking cows, but the aver- 
ages were closer to the average of all the animals. Those animals in the upper 
groups were still above average when they were classified as 3-, 4- and 5-year 
old cows, but the two group averages were nearer the average of all groups. 


DISCUSSION 


The results of this study have indicated that the relationship between any 
classification rating on Ayrshire heifers before calving and a rating after calv- 
ing is about 0.3. In addition, correlations between combinations of ratings be- 
fore first calving and ratings after calving are approximately 0.4. In a previous 
study on this herd (1) the repeatability of classification ratings for the same cow 
was estimated to be 0.55. Thus, while ratings on heifers before first calving are 
indicative of after-calving ratings, they are not as reliable as after-calving ratings 
in predicting other after-calving ratings. These results are similar to the study 
on classifications of Holsteins reported by Johnson and Lush (2). 

The variation between ratings on the same animal before calving was similar 
to the variation that was found between ratings on the same cow. This presents 
the same problem in classifying heifers as was found in the classification of cows 
(1), namely, a means of identifying and adjusting for those factors which cause 
ratings to vary during the life of the animal. Since nine different inspectors 
classified the animals during the course of this experiment, an undetermined 
part of the variation in the ratings was caused by differences of opinion of the 
inspectors. In other instances, the differences in ratings were causes by changes 
in the condition and/or type of the animals. At the present time the basis used 
for the classification of uncalved heifers is the same that has been applied in 
classifying cows. This may be the wrong approach in classifying heifers. Re- 
search on the development of the features of type in growing heifers may reveal 
the essential parts of the heifer that contribute to her type as a mature animal. 
Perhaps with more experimental work, detailed records and frequent consulta- 
tions on the part of inspectors with one another, it may be possible to reduce 
the variation in heifer classification that is due to differences in inspectors and 
to inaccuracies in weighing the good and poor points of heifers during their 
early development. 

The standard deviation of all ratings on the heifers before their first calving 
was 0.78. This is smaller than the standard deviation (0.94) for all ratings on 
cows in the same herd during the same period. Part of the smaller variation 
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in ratings on heifers may be attributed to the observation that heifers generally 
do not show the extreme faults in feet, legs and udders that cows do. In addi- 
tion, many inspectors hesitate to classify heifers Fair or to classify them Ex- 
cellent because later development of the heifer may make their decision look 
absurd. 

SUMMARY 


One hundred and two Ayrshire heifers at the West Virginia Agricultural 
Experiment Station have been rated for type starting at 6 or 12 months of age 
and at 6-month intervals thereafter until 4 or 5 years of age. The intra-animal 
standard deviation was 0.62 when the ratings were made before first calving, 
and 0.65 when they were given after calving. 

In terms of range, five animals (4.9 per cent) were classified the same whether 
rated as heifers or milking cows, 52 (51.0 per cent) varied one grade, while 39 
(38.2 per cent) varied two grades and six (5.9 per cent) varied three grades. 

There were 33 heifers classified at 6, 12, 18 and 24 months of age and 73 
heifers classified at 12, 18 and 24 months. The average of the ratings at the 
different ages was approximately the same. 

The correlations between the average of the several ratings of each heifer 
before first calving and the first and second ratings after calving were 0.37 
and 0.40, respectively. 

The average type ratings of the heifers before calving were compared with 
the average ratings after calving by placing the heifers in four groups (below 
80.5, 80.5 to 82.5, 82.6 to 85.0, above 85.1) according to the average of their rat- 
ings before first calving. The low group remained the lowest following calv- 
ing, while the high group still maintained the highest average score, but both 
averages were closer to the general mean. The two middle group averages 
changed very little following freshening. 

With improvement in and standardization of classification methods, particu- 
larly for heifers, the classification program may become valuable in helping 
breeders to cull the poorest type individuals from their herds at an early age. 
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FORTY-FOURTH ANNUAL MEETING 
UNIVERSITY OF MINNESOTA 
JUNE 21-23, 1949 


REGISTRATION AND HOUSING 


Registration headquarters will be in Coffman Memorial Union, Minneapolis 
Campus. Rooms to accommodate about 250 persons will be available in dormi- 
tories on the St. Paul Campus. ‘Families with children will have prior claim 
to these rooms. Approximately 400 rooms have been reserved in Twin City 
hotels. A return card relative to advance registration and housing will be sent 
to members by the Association Secretary in May. 


LOCATION OF GENERAL AND SECTION MEETINGS 
All meetings will be held in or in close proximity to Coffman Memorial 
Union, Minneapolis Campus, University of Minnesota. 
SPECIAL MEETINGS 


Groups wishing rooms and equipment for special meetings and committee 
meetings before, during or after the regular sessions will please contact Elmer 
L. Thomas of the Division of Dairy Husbandry, University Farm, St. Paul. 
Reservations for special breakfasts and luncheons will be made upon request. 
It will be appreciated if all such requests are made known by June 1. 


PROJECTION EQUIPMENT 


While it is desired that the use of slides be minimized, projectors for both 
standard and 2” x 2” slides will be available in all lecture rooms. Requests for 
use of such equipment should be made to section chairmen as soon as possible. 


ADDITIONAL INFORMATION 


Additional material containing information on registration, housing, enter- 
tainment, recreation, ete., will be sent to each member about April 15, 1949. 
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BOOK REVIEWS 


190. Principles of food freezing. W. A. Gort- 
NER, F. S. ERDMAN AND Nancy K. MASTERMAN. 
John Wiley & Sons, Inc., New York, N. Y. 281 pp. 
$3.75. 1948. 


Although this book contains comparatively little 
directly about dairy products, the chapters con- 
cerned with the engineering of food freezing con- 
tain considerable material on the design and op- 
eration of refrigeration facilities which should be 
of interest to people in the dairy industry because 
of the straightforward presentation. For those 
who are operating locker plants in conjunction 
with dairy enterprises or are marketing frozen 
foods, considerable information on processing, 
holding and utilization of miscellaneous frozen 
foods is presented. The book is not an exhaustive 
treatise but rather a useful summary of the frozen 
food industry written in reasonably non-technical 
language. The format is good and the indexing 
appears to be better than one sometimes finds in 
a book of this type. F. E. Nelson 


191. Food plant sanitation. M. E. Parker. 
McGraw-Hill Book Co., Inc., New York, N.Y. 
447 pp. $6.00. 1948 


Although written for the entire food industry, 
this book contains considerable information di- 
rectly applicable to the dairy industry. All phases 
of sanitation are covered, from the design of the 
plant and the sanitary quality of the water supply 
to the placing of the food in a package which will 
provide good sanitation during marketing. Deter- 
gency and insect and rodent control are treated 
at some length. The establishment and main- 
tenance of sanitary practices and the proper train- 
ing of personnel are discussed. An appendix sec- 
tion on “Excerpts from U. S. Laws and Regula- 
tions” is included. This book should be of con- 
siderable value to those concerned with sanitation 
problems in the dairy industry. F. E. Nelson 


192. The chemistry and technology of enzymes. 
Henry Tauser. John Wiley & Sons, Inc., New 
York, N. Y. 550 pp. $7.50. 1949. 


This volume supersedes Enzyme chemistry and 


Enzyme Technology by the same author; there- 
fore, the first part is concerned with the chem- 
istry of enzymes and the second part with their 
technology. This treatment has led to some 
duplication—almost replication in several in- 
stances—while pertinent material has not been in- 
cluded in other cases, probably to keep this book 
at a reasonable size. A considerable mass of 
material is presented and citations to the original 
literature are numerous. Applications to a wide 
variety of fields are included. The chapter on 
“Enzymes in Dairy Products” includes a short 
and relatively inadequate description of the milk 
phosphatase enzyme and its use for control of 
pasteurization. No material on milk lipase is 
presented. Cheese ripening is discussed in 6 
pages, probably adequate space for this type of 
publication if the choice of material had been 
better. Prevention of mold growth on the sur- 
face of Cheddar cheese is ascribed to surface 
salting. The book contains quite a few errors in 
the naming of organisms and the same organism 
is discussed under more than one name in 
some instances. This book probably is another 
indication that many fields formerly considered 
quite specialized are becoming so complex that 
only rarely will one person be able to encompass 
with complete adequacy all areas which should 
be included in a discussion of the entire field. 
F. E. Nelson 


193. Milk and milk processing. B. L. Herr- 
INGTON. McGraw-Hill Book Co., Inc., New 
York, N. Y. 343 pp. $3.75. 1948. 


This book was written as a text for a sophomore 
course in general dairy manufacturing and thus 
presupposes a knowledge of general chemistry. 
As would be expected from the background of 
the author, the chemical approach is emphasized 
in presentation of the material. The first part 
of the book is concerned with the composition of 
milk and the nature of the different constituents. 
Chapters on microorganisms, pasteurization, 
creaming and cream separation, and homogeni- 
zation are followed by discussions of the various 
dairy products. Chapters on the Babcock test and 
lactometry follow. The index seems adequate 
for a book of this type. The material is pre- 
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sented logically and in an easily understood form. 
This book should be very useful not only as a 
text for a course in general dairy manufacturing 
but also as a reference book for plant operators 
with reasonably good technical background. 


F. E. Nelson 


ANIMAL DISEASES 
W. D. POUNDEN, SECTION EDITOR 


194. Field studies on bovine venereal trichomon- 
iasis effects on herds and efficacy of certain 
practices in control. D. E. BartLetr G. 
Dixmans. Bureau of Animal Industry, U. S. 
D. A., Beltsville. Md. Am. J. Vet. Research, 
10, 34: 30-39. Jan., 1949. 


An analysis of the effect of trichomoniasis upon 
the breeding efficiency of a herd is made with 
detailed protocol of 2 affected herds. A graph- 
ical presentation of reproductive records in each 
herd clearly shows the progressive nature of the 
disease in the herd and the rapid recovery 
following institution of control measures. Effec- 
tive control measures are discussed in detail and 
a graphic outline is given to emphasize the im- 
portant steps in the hygienic breeding program. 
The basis of the program is accurate diagnosis 
of the infectious state of each animal in the 
herd, use of clean sires and sexual rest for in- 
fected females. Eight of nine herds following 
this program have recovered satisfactorily from 
trichomoniasis. E. W. Swanson 


195. Further observations on experimental treat- 
ments of Trichomonas foetus infection in bulls. 
D. E. Bartitetr. Bureau of Animal Industry, 
U. S. D. A., Beltsville, Md. Am. J. Vet. Re- 
search, 9, 33: 351-359. Oct., 1948. 


The intravenous administration of NaI was 
successful in eliminating T. foetus infection in 2 
of 8 trials. Other treatments with iodides are 
reviewed and a seasonal trend in their efficiency 
is suggested. Intrapreputial insufflation with a 
silver protein powder and direct application of 
a trypoflavin ointment were ineffective. Topical 
application of a German-manufactured product 
containing trypoflavin, Surfen A, triethyleneglycol 
and a condensation product of ethylene oxide 
and water was effective in 7 of 8 trials. The 
latter was the only effective topically applied 
material encountered. E. W. Swanson 


196. A nonantigenic allergic agent for intra- 
dermal brucellosis tests. H.E. Orrosen anp N. 
Pium. State Serum Laboratory, Copenhagen, 
Denmark. Am. J. Vet. Research, 10, 34: 5-11. 
Jan., 1949. ° 


A method for the preparation of an extract 
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from Brucella abortus by acid hydrolysis is des- 
cribed in detail. The extract did not promote 
complement-fixing antibodies following intraven- 
ous injection, but it elicited strong allergic react- 
ions in Brucella-infected animals. Good cor- 
relation was observed between the intradermal 
test in cattle and the blood agglutination test. 
E. W. Swanson 


197. Studies on the pathogenicity of Brucella 
suis for cattle I. F. V. Wasuxo, L. M. Hutcu- 
INGS AND C. R. DonHaAM. Purdue Univ., Lafay- 
ette, Ind. Am. J. Vet. Research, 9, 33: 342-350. 
Oct., 1948. 


Of 9 cows fed aborted swine fetuses or ex- 
posed to B. suis-infected swine, B. suis was re- 
covered from only one at parturition. Cows pre- 
viously exposed to B. suis did not show signifi- 
cantly greater resistance to Brucella abortus than 
did unexposed control animals. Attempts to 
establish B. suis infection in the bovine udder 
were successful following introduction of the 
organisms into the teat canal by injection or by 
applying to the teat orifice, but were unsuccessful 
following application of B. suis to abraded udder 
skin, feeding of infected material or exposing of 
cows to infected swine in a small pen. Acute 
mastitis resulted from the introduction of B. suis 
into the mamary gland. Elimination of the in- 
fectious organisms in the milk was persistent 
and intermittent throughout the lactation. 

E. W. Swanson 


198. The Brucella abortus ring test. P. A. 
BruHN. Royal Veterinary and Agricultural 
College, Copenhagen, Denmark. Am. J. Vet. 
Research, 9, 33: 360-369. Oct., 1948. 


A short review of the development of the ring 
test is presented. A specific B. abortus antigen 
dyed with hematoxylin is mixed with milk. The 
distribution of color between the cream and skim 
milk layers constitutes the basis of the test. The 
interference of the Schern-Gorlisch reaction 
(used to detect heated milk) with the ring test 
is discussed. False positive tests are considered 
a combination of the S-G reaction and non- 
specificity of the antigen. Extensive field use of 
highly specific antigens showed the ring test to 
be about 80 to 95% accurate. Greater accuracy 
was secured with pooled herd milk than with in- 
dividual-cow samples, due largely to variations in 
creaming of the latter. The development of a 
highly specific antigen for the ring test is dis- 
cussed briefly. This antigen gave positive results 
on pooled milk diluted 1:128, compared to a 
sensitivity of only 4-fold dilution with a whey 
agglutination test. Evidence is presented that 
consistently positive ring tests indicate infection 
even in the presence of extremely low blood 
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titers. The use of the ring test is proposed as a 
means of more effectively applying a brucellosis 
eradication program on an area basis. 

E. W. Swanson 


199. Effect of sulfamethazine on certain infect- 
ions of the bovine mammary gland. O. W. 
Scuatm, R. A. BanKowsk1, R. W. OrmMsBEE, 
AND T. W. Browne. Univ. of California, Ber- 
keley. Am. J. Vet. Research, 10, 34: 56-62. 
Jan., 1949. 


Sulfamethazine was given intravenously, fol- 
lowed by 3 daily oral doses to a group of 10 cows 
infected with Staphylococcus aureus, Aerobacter 
aerogenes, and Streptococcus agalactiae. No 
significant change in the udder infection or char- 
acter of the milk occurred. Levels of sulfa- 
methazine in the milk were considered too low, 
so a series of 6 semi-daily intramammary infu- 
sions were given to 7 infected cows. Infection 
persisted in all of the cows following treatment. 
Milk was more abnormal following treatment 
than before, although production was not de- 
creased. Oral treatment of 8 dry cows was most 
successful in establishing desired udder concentra- 
tions of sulfamethazine, but it was not effective in 
eliminating §. aureus and A. aerogenes infections. 
Treatment of acute and chronic cases of A. aero- 
genes and Pseudomonas aeruginosa mastitis with 
sulfamethazine also was ineffective. 


E. W. Swanson 


200. Bovine mastitis. Economic importance 
of the disease—methods of detection, control and 
prevention. G. R. Spencer. Univ. of Wisconsin, 
Madison. Milk Plant Monthly, 37, 12: 35-36, 
77. Dec., 1948. 


Mastitis, the most costly of all diseases related 
to the dairy cow, is the most puzzling problem 
that confronts the dairy industry today. Chronic 
mastitis which may survive for months and years 
usually is caused by streptococci, whereas acute 
mastitis which lasts only a few days commonly 
is caused by staphlycocci and coliform organisms. 
Although this disease is of no serious threat to 
public health, the cause of this inflammation 
must be detected and treated, since health-en- 
dangering hemolytic organisms may infect the 
udder. Proper pasteurizaiton has done much to 
eliminate this threat. 

The microscopic body-cell count and the 
catalase tests are used widely in the laboratory 
for detecting mastitis. Herdsmen must rely on 
physical examination of the milk and animals 
for detecting the disease. Segregations, sanita- 
tion, disinfection and proper milking procedures 
aid most in controlling mastitis. However, treat- 
ment of the animal with penicillin and sulfona- 
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mides under the direction of a veterinarian has 
aided in effecting control in certain types of 
mastitis. J. A. Meiser, Jr. 


201. The results of a mastitis herd survey in 
the N. E. midland area during 1946-1948. D. L. 
Hucues. Vet. Record, 60, 50: 659. Feb., 1949. 


In the process of research on penicillin therapy 
for mastitis, the author examined bacteriologically 
milk samples from 19 problem mastitis herds in- 
volving a total of 591 cows. The types of infec- 
tion found were as follows: Staph. pyogenes, 120 
cows or 20.3%; Str. agalactiae, 91 cows or 
15.2% and Str. dysgalactiae, 24 cows or 4.0%. 
In a few herds a variety of organisms was found 
such as diphtheriod bacilli, unidentified strepto- 
cocci and micrococci. The author suggests that 
the unexpected comparatively low level of Str. 
agalactiae infections in the herds surveyed may be 
due to the rather widespread use of penicillin 
therapy in that area or possibly variations because 
of locality. In a similar investigation undertaken 
in different counties in 1944-45, a Str. agalactiae 
incidence of 59.3% was found. 

R. P. Neidermeier 

Also see abs. no. 265, 266. 


BUTTER 
O. F. HUNZIKER, SECTION EDITOR 


202. Packaging of print butter. T. A. Nicker- 
sON AND S. T. Courter, Univ. of Minnesota. 
Natl. Butter Cheese J., 40, 1: 26-27, 52, 54-57. 
Jan., 1949. 


This study was made to obtain information on 
the protection furnished print butter by various 
combinations of wrapping material against such 
factors as absorption of odors, oxidation, shrink- 
age, physical damage and deterioration in the 
consumer’s refrigerator. The heat-sealed_plio- 
film and cellophane gave the best protection 
against absorption of odors. However, no one 
wrapper could protect the butter from all foreign 
odors. The wrapping material that protected 
butter from light provided the best security 
against deterioration caused by oxidation. The 
degree of oxidation of the butter was determined 
by flavor scores, as well as by the aldehyde and 
peroxide values of the fat. 

Four 0.25-lb. prints of butter suffered a greater 
loss due to shrinkage than a 1-lb. print under 
similar conditions. Foils and pliofilm both gave 
satisfactory proetction against shrinkage as did 
parchment + plioform+ carton. The greatest re- 


sistance against physical damage to the butter 
was afforded by the cardboard cartons. Wrapping 
materials such as cellophane, pliofilm or parch- 
ment gave little protection against external phy- 
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sical force. Under home storage conditions foil 
and parchment + carton gave about equal pro- 


tection to the butter. H. E. Calbert 
203. Let’s sell butter! Roy RopicHaux. West- 
ern-United Dairy Co., Chicago, Ill. Milk Plant 


Monthly, 38, 1: 70-72. Jan., 1949. 


A five-point program for promoting the sale 
of butter is outlined as follows: (1) Use cream of 
sufficient quality to produce at least a 90 score 
butter. (2) Use proper processing methods and 
technics so that the best possible butter is pro- 
duced. (3) Use appealing efficient packaging 
methods that will insure the product against out- 
side contamination. (4) Police the consumer out- 
lets to insure that the product is fresh and whole- 
some when it reaches the consumer. (5) Use 
only butter of 91 score or better when storing 
for future consumer use. J. A. Meiser, Jr. 


204. De invloed van het vetgchalte van den 
room op de stevigheid, het vochtgehalte en andere 
eigenschappen van de boter. (The influence of 
the fat content of the cream upon the consist- 
ency, the water content and other properties 
of the butter.) (English summary.) H. Mutper. 
Rykslandbouwproefstation, Hoorn, Holland. 
Landbouwkund. Onderzoekingen, 52, 6C: 268- 
276. 1946. 


Butters were made from creams with different 
fat content under the same temperature condi- 
tions and other conditions as much the same as 
possible. Fat contents of 25-50% were com- 
pared with 8-12%. The thin cream took a much 
longer churning time, butter granules grew very 
slowly and needed a long working time. These 
butters contained more moisture and buttermilk 
than the other butters. There was no difference 
in hardness. 

The fat content of the buttermilk was about 
the same, causing high fat losses in the cases 
of thin cream. The phospholipid content of the 
buttermilk was about proportional to the fat con- 
tent of the cream. More fat could be separated 
out of the buttermilk from the thin cream. This 
cannot be explained by the different phospholipid 
content. After separating the buttermilk, the fat 
loss with thin cream still remained higher. 

A. F. Tamsma 


205. Onderzoek naar de mogelykheid van ver- 
betering van de stevigheid van zomerboter. 
(Investigation into the possibility of increasing 
the firmness of summer butter.) W. ApriANi 
AND A. F. Tamsma. Laboratorium der Coop. 
Fabriek van Melkproducten, Bedum, Holland. 
Landbouwkund. Onderzoekingen, 47, 12G: 941- 
1024. 1941. 


Experiments were made to ascertain how the 
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firmness of butter (measured at 18° C.) is influ- 
enced by the manufacturing process. Souring 
at 18° C. had no advantage against souring at 
normal temperature (14° (C.); sometimes it 
caused the fat content of the buttermilk and the 
water content of the butter to be too high. Both 
too cold and too warm wash-water led to softer 
butter. Souring, churning and washing at about 
14° C. gave the best results. 

To get more insight, the crystallizing of but- 
terfat was studied by the dilatometric method. 
During cooling, a very pronounced undercooling 
phenomenon takes place. By cooling butterfat 
gradually and afterwards increasing the tempera- 
ture little by little, in the diagram representing 
the quantity of solid phase as dependent upon 
the temperature, a loop is described so that the 
quantity of solid phase at a given temperature 
is higher when this temperature is reached from 
a lower temperature rather than from a higher 
temperature. Cooling in steps leads to a smaller 
quantity of solid phase. At a given temperature, 
for instance 18° C., one gets the largest quantity 
of solid phase by cooling melted butterfat im- 
mediately to a lower temperature, e.g., 13 to 14° 
C., and raising the temperature to 18° C. only 
after the fat has remained a sufficiently long 
time at the lower temperature. 

The theory was set up that firmness of the 
butter depends in the first place on the quantity 
of solid phase (crystallized butterfat) and in the 
second place on the structure of this solid phase. 
From this theory it follows why souring, churn- 
ing and washing at temperatures above 14° C. 
had an adverse effect on the firmness of butter 
(measured at 18° C.) and why cold wash water 
led to softer butter. The results of the present 
investigation could be explained in this way. 
Also, the results of some experiments which are 
described in the literature, but which could not 
be explained in another way, could be interpreted 
easily by this theory and the fundamental facts 
mentioned previously. 

One must prevent the butter from reaching 
(even temporarily) a higher temperature. Too 
high temperatures proved very disadvantageous 
and cooling to a lower temperature after ex- 
posure to high temperatures did not restore the 
original firmness. 

The temperature of the butter is of great im- 
portance for the firmness, because the tempera- 
ture coefficient is large, a difference of 10% in 
firmness corresponding to a temperature differ- 
ence of only 0.25° C. A. F. Tamsma 


206. Onderzoek naar de mogelykheid van ver- 
betering der consitentie van winterboter. (In- 


vestigation into the possibility of improving the 
texture of winter butter.) 
man summary.) 


(English and Ger- 
W. AprIANI AND A, F. TAMSMA. 


CHEESE 


Laboratorium der Cooperatieve Fabriek van 
Melkproducten, Bedum, Holland. Landbouw- 
kund.. Onderzoekingen, 52, 1G: 1-24. 1946. 


A good texture of. winter butter may be ob- 
tained in choosing the right manufacturing proc- 
ess, taking care that the structure leading to brit- 
tleness is destroyed and that the percentage of 
crystallized fat in the butter at a given tempera- 
ture, e.g., 13° C., is as low as possible, as a high 
percentage of crystallized fat goes together with 
a high hardness of the butter. 

The first point is effected by working at low 
temperature, which can be reached by washing 
the butter three times with washing water of 9° 
C. or a little lower still. The second point is 
effected by cooling the cream in successive steps. 
In a laboratory investigation keeping butterfat 
at different temperatures and determining the 
percentage of crystallized fat by the dilatometric 
method, it was established which temperature 
steps were the most effective for a good texture 
of the butter at 13° C. The results obtained were 
confirmed by experiments on a technical scale in 
the factory, proving the following manufacturing 
process satisfactory. The pasteurized cream is 
cooled at 14° C. After some hours the tempera- 
ture is raised to 22° C. and maintained during an 
hour. Then the cream is cooled to 14° C. and 
soured at this’ temperature overnight. The 
ripened cream is churned at 14° C. znd the butter 
washed and worked as described above. 

A. F. Tamsma 


207. Verschillen in stevigheid by Zomerboters 
door verschillende fabrieken bereid. (Differences 
in firmaess of summer butters, produced by dif- 
ferent factories.) (English, French and German 
summaries.) W. ApriAni AND A. F. Tamsma. 
Laboratorium der Cooperatieve Fabriek van 
Melkproducten, Bedum Holland. Vakgroep 
Boterindustrie. The Hague, Holland. 23 pp. 
1946. 


Determination of the firmness of summer but- 
ter at 18° C., rather than at 13° C., is advocated 
for two reasons: (a) The firmness of summer 
butter is of most interest at the higher tempera- 
ture. (b) At 13° C. the systematic differences 
between the factories were partly and sometimes 
completely covered by the great fluctuations that, 
on the strength of theoretical considerations de- 
rived from study of butterfat, were expected to 
occur in a much smaller degree at higher tem- 
perature. Statistical examination of all data 
available at different factories showed that if 
differences in fat composition were taken into 
account, there were still some factories produc- 
ing butter which on an average was firmer, other 
which was softer than that corresponding with 
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the calculated line of regression. These differ- 
ences could be explained sufficiently by differences 
in method of manufacture according to the facts 
established by the investigations of the authors. 
The composition of the milk fat affected the 
firmness of the summer butter of different fac- 
tories much more than did the method of manu- 
facture. A. F. Tamsma 


CHEESE 
A. C. DAHLBERG, SECTION EDITOR 
208. Smaak en smaakstoffen van kaas. (Taste 


and taste compounds of cheese). H. MuLper. 
Landbouwkund. Tijdschr. 59, 706/708: 181-187. 
March/May, 1947. 


After an introduction on the history of differ- 
ent kinds of cheese, the author comes to a descrip- 
tion of taste, particularly taste of cheese. The dif- 
ferent components of cheese, as far as they con- 
tribute to the taste, are discussed. The equili- 
brium and cooperation of the taste components 
are considered important. Nomads probably 
made the first cheese for army supply. After- 
wards educated peoples developed the taste. 
Later on the existence of different kinds of 
cheese was governed more by economic than by 
taste reasons. 

The simple differentiation of taste into sweet, 
sour, salt and bitter is found not adequate, taste 
being much more complicated. The taste of 
cheese has a general component but is very vari- 
able, because of the many other components. 
Fat, protein, milk sugar, with their degradation 
products, milk salts, salt and water all contribute 
to the taste. Fat is very important as by hydro- 
lysis fatty acids are formed, causing probably a 
main part of the cheese flavor and taste. Pro- 
teins in the ripening process form many com- 
pounds contributing to the taste of cheese. Par- 
ticulars were described. Milk sugar in Dutch 
cheeses is completely changed to lactic acid, giv- 
ing a fresh taste, particularly if pasteurized milk 
was used. Bacteria can form many other prod- 
ucts out of lactic acid; the calcium salt of pro- 
pionic acid causing the sweet taste of Emmen- 
taler cheese comes from this source. All com- 
pounds together form the typical cheese tastes. 
Knowledge of the taste components and the way 
they are formed is considered very important for 
the cheese industry. A. F. Tamsma 


209. Cheese pusher. F. B. Brancuriexp, Sr., 
U. S. Patent 2,457,441. 5 claims. Dec. 28, 
1948. Official Gaz. U. S. Pat. Office, 617, 4: 
1130. 1948. 


An implement for pushing cheese in’ a cheese 
vat, consisting of an angular frame and handle 
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and a screen which may be adjusted to an up- 
right position, is described. R. Whitaker 


210. Apparatus for treating cheese. O. F. 
Hansev. U. S. Patent 2,455,579. 3 claims. 
Dec. 7, 1948. Official Gaz. U. S. Pat. Office, 
617, 1: 180. 1948. 


Cheese of the Blue or Roquefort type is im- 
proved by admitting air to the interior through 
holes punched uniformly in the cheese by a 
group of small rods which are forced down 
through the cheese as it is held firmly between 2 
plates so perforated to allow passage of the rods. 
The rods are lowered and raised automatically 
by an eccentric operated by a source of power. 

R. Whitaker 

Also see abs. no. 214. 


CONDENSED AND DRIED MILK; 
BY-PRODUCTS 


F. J. DOAN, SECTION EDITOR 


211. Garungsgetranke aus Pflanzenextrakten 
und Molke. (Fermented beverages from plant 
extracts and whey). English summary. M. E. 
Scuutz AND K. Facketmerer. Die Milch- 


wissenschaft, 3, 6: 165-174. June, 1948. 


Milone is a sweet-sour, slightly alcoholic fer- 
mented drink prepared from plant extracts and 
whey. Whey is fermented to 1% lactic acid and 
mixed while cold with an equal volume of 3% 
herb tea. The tannin in the tea is precipitated by 
the albumin in the whey and the precipitate re- 
moved. The liquid is fermented with lactose- 
fermenting yeasts and sweetened. The maximum 
alcohol content of the beverage is 0.8%. The 
herb tea is made up of leaves of linden, hazel nut, 
billbery and milfoil, together with spicy herbs 
such as elder blossoms, rosemary linden blossoms 
and mint. The technical problems involved in 
the preparation of milone are discussed in detail 
and illustrations of a processing plant are given. 

I. Peters 


212. Eighty per cent butterfat cream, its pro- 
duction and use. R. J. Spiers. Abbotts Dairies, 
Philadelphia, Pa. Ice Cream Trade J., 45, 1: 44. 
Jan., 1949. 
See abs. no. 87, page A19. 
W. H. Martin 


213. Treatment of rennet casein for glue 
manufacturers. A. J. Lawrence. Australian J. 
Dairy Technol., 3, 3: 96-97. July—Sept., 1948. 


Rennet casein showing certain quality defects is 
unsuited for the manufacture of plastics. 
is unsuited for use in gluemaking. 


It also 
In a search 
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for an additional outlet for such casein, it was 
found that when rennet casein was treated for 
1 hr. with 3 parts by weight of 1% sulfuric acid 
followed by washing 3 times, filtering and drying 
at 130° F., a casein showing minimum swelling, 
good color and an ash content of 2.8% was ob- 
tained. Glue prepared from such a product met 
the requirements of 1,000 Ib./in.? breaking strain 
as prescribed in the “Australian Standard Speci- 
fication for Joiners’ Glue (casein) (1941)”. 
Casein treated similarly with hydrochloric acid 
and subsequently used in the preparation of glue 
was not satisfactory. J. C. Olson, Jr. 


214. Untersuchungen zur Bewertung der Molke. 
(The determination of the quality of whey.) 
English summary. G. AND K. 
Kumetat. Die Milchwissenschaft, 3,5: 138-142. 
May, 1948. 


In order to determine watering and/or bio- 
logical deterioration of whey, various methods 
were used. The ripening of sweet rennet whey by 
natural fermentation or by addition of pure 
homofermenting lactic cultures resulted in a 
lowering of specific gravity, % of total solids and 
% lactose, thus making these methods unsuitable 
for the determination of watering of whey. Whey, 
which is defined by law as “the liquid obtained 
in cheesemaking after separation of casein and 
fat by curdling of milk”, should contain not less 
than 5.5% dry matter when made with acid and 
rennet, and not less than 5.2% when made with 
acid alone. Thus whey which is in the normal 
range of acidity but contains less than the pre- 
scribed % dry matter should be regarded as 
inferior and treated accordingly. Proper cooling 
and/or pasteurization should be practiced in 
order to maintain the quality of whey. 


I. Peters 
215. Geschichtliches uber Molke und Milch- 
zucker. (Historical data in whey and milk 
sugar.) English summary. E. Funcx. Die 


Milchwissenschaft, 3, 6: 152-160. June 1948. 


Documents of the Middle Ages divide milk into . 
butter, cheese and whey. The whey was valued 
for its nutritional and curative properties. Special 
attention was given to milk sugar, which was dis- 
covered scientifically by Bartoleti in 1633. The 
name “milk sugar” was used first by Ludavici 
Testi who used it as a patent name for his medi- 
cine against arthritis. In 1711 Fick named the 
carbohydrate found in milk “milk sugar.” Proof 
that milk sugar is an animal type of sugar was 
obtained by Scheele in 1780. I. Peters 


216. Deformation der Fettkugelchen in Hoch- 
konzentriertem Rahm mit 80 Prozent Fett. (De- 


DAIRY BACTERIOLOGY 


formation of fat globules in highly concentrated 
cream with 80 per cent fat.) English summary. 
W. Mour anv J. Wetim. Die Milchwissen- 
schaft, 3, 6: 149-152. June, 1948. 


Microscopic observations of cream with over 
75% fat verified the calculated deformation of fat 
globules at such high concentrations. The de- 
formation of globules means an increase in poten- 
tial (surface?) energy and, in turn, lowers the 
stability of the emulsion. In order to escape the 
pressure causing deformation, the globules can 
fuse. The fusing is governed by other factors 
which are responsible for the stability of the 
emulsion. The deformation of fat globules in 
80% cream may denote the first step in butter- 
making by the Alfa process. I. Peters 


217. Milk turning machine. J. W. Grier. 
U.S. Patent 2,456,630. 5 claims. Dec. 21, 1948. 
Official Gaz. U. S. Pat. Office, 617, 3: 763. 1948. 


Evaporated milk in cartons stacked on pallets 
may be inverted easily by one man with this de- 
vice. Turning is desirable to eliminate cream 
separation in the stored product. R. Whitaker 


218. Some observations on the bacteriology of 
condensed milk. H. B. Hawrey. Henry Ed- 
wards and Sons., Ltd., Pipe-Gate, Near Market 
Drayton. Proc. Soc. Applied Bact., 1946, 1: 1-5. 
1947, 


The bacterial count of sweetened condensed 
milk declined in the course of each day’s opera- 
tion as well as during each weekly period of op- 
eration. The high counts occurred immediately 
after the daily cleaning of the pans and canning 
machine and after the weekly cleaning of the 
condensed milk storage vat and pump. These 
increased counts were considered caused by in- 
complete cleaning and sterilization of the vacuum 
pans, packing gland of the pump and the bottom 
bearing of the agitator in storage vat. The low- 
ering of the count following such periods was 
caused by the high concentration of solids in the 
sweetened condensed milk. It was concluded 
that more attention was needed to constructional 
design in such plants so that all equipment could 
be dismantled, cleaned, sterilized and dried. 

M. L. Speck 


DAIRY BACTERIOLOGY 
P. R. ELLIKER, SECTION EDITOR 


219. Thermoduric and thermophilic bacteria in 
washed milk churns. S. B. THomas, L. B. Jones, 
M. A. Beavan, AND B. F. THomas. Univ. Col- 
lege of Wales, Aberystwyth. Proc. Soc. Applied 
Bact., 1946, 1: 54-55. 1946. 


Milk can rinses showed higher counts at 30 
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than at 37° C., both before and after laboratory 
pasteurization at 63° C. for 30 min. The can 
usually had a high thermoduric count. The 627 
thermoduric bacteria isolated from yeastrel milk 
agar plates incubated at 30° C. were classified as 
follows: microbacetria, 62.0%; aerobic spore- 
formers, 18.8%; micrococci and sarcina, 7.5%; 
gram-negative rods, 7.3%; streptococci, 2.2%; 
yeasts, 1.4%; actinomycetes, 0.8%. Thermo- 
philes were not encountered frequently in the 
cans, 3.5% showing counts greater than 500,- 
000/ml., while 77% had counts less than 500. 
M. L. Speck 


220. The reproducibility of dye reduction 
tests with pasteurized milk. D. W. Wartson, 
C. J. Bessert, E. Go_tpscHmwt, J. G. 
Davis. Express Dairy Co., Ltd., 133 Euston Rd., 
N. W. 1. Proc. Soc. Applied Bact., 1946, 1: 56- 
58. 1948. 


Resazurin gave somewhat better reproduci- 
bility in reduction time than methylene blue on 
replicate samples of raw and pasteurized milk. 
Both dyes showed better reproducibility with raw 
than with pasteurized milk. Also the variation 
in replicate tubes decreased in samples having 
shorter reduction times. The samples were in- 
cubated until complete reductoin of the dye oc- 
curred, and resazurin was reduced more slowly 
than was methylene blue in both raw and pas- 
teurized milk. M. L. Speck 


221. Das Verhalten der Paratyphus-Enteritis- 
Gruppe in der Molke. (The behavior of the 
paratyphoid and _ enteritis groups in whey.) 
English summary. R. Hetm anp W. WEDEMANN. 
Die Milchwissenschaft, 3, 5: 133-138. May, 1948. 


Samples of rennet and of acid whey were in- 
oculated with pure cultures of the paratyphoid- 
enteritis group and incubated at room tempera- 
ture and at 37.5° C. Daily plating on regular 
agar medium and on Drigalski’s medium were 
made, and the typical colonies obtained examined 
for motility, gram reaction and agglutination 
test by appropriate methods. Results of 4 trials 
with rennet whey showed survival of pathogens 
up to the 23rd d. in samples held at room tem- 
perature, but only up to the 15th d. in those 
held at 37.5° C., whereas in 7 trials with sour whey 
no pathogens were isolated after incubation for 
7 d. at room temperature and after incubation 
for 2 d. at 37.5° C. The detrimental effect of 
acid at higher temperature upon the pathogens 
is evident. From the health standpoint whey 
should be pasteurized prior to consumption by 
humans or animals. I. Peters 


222. The critical humidity in the destruction of 
Streptococcus salivarius by hypochlorite aero- 
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sols. J. anv A. B. BatcHELow. Milton 
Antiseptic and Deosan, Ltd., John Milton House, 
Brewery Rd., London, N. 7. Proc. Soc. Applied 
Bact., 1946, 1: 59-61. 1946. 


At a temperature of 20-25° C., complete de- 
struction of Streptococcus salivarius was obtained 
in 3 min. at a relative humidity of 56% when 
1% hypochlorite aerosol was sprayed to give a 
concentration of hypochlorous acid gas of 0.5 
p-p.m. in the atmosphere. With 45% relative 
humidity at this temperature, 75% of the bac- 
teria remained. Below 20° C., higher relative 
humidity was required to obtain an equal kill, 
while above 25° C. less humidity was necessary. 

M. L. Speck 


223. An improved medium for the enumera- 
tion of bacteria in milk and milk products. M. 
J. Petczar, Jr., Univ. of Maryland, College 
Park, and H. D. Vera, Baltimore Biological 
Laboratory, Baltimore. Milk Plant Monthly, 38, 
1: 30-33. Jan., 1949. 


Since the use of the present standard tryptone- 
glucose-beef extract agar containing milk as a 
medium for the enumeration of bacteria in milk 
products offers several disadvantages, the authors 
propounded a new medium that does not contain 
meat extract or added skim milk. The, composi- 
tion is as follows: pancreatic digest of casein 
(Trypticase), 15 g./l.; papaic digest of soy meal 
(Phytone), 5 g./l.; dextrose, 5 g./l.; sodium 
chloride, 4 g./l.; cystine, 0.2 g./l.; sodium sul- 
fite, 0.2 g./l.; agar, 15 g./l.; pH, 7.2. 

Using standard plating procedures, a series 
of counts was made on various dairy products. 
The new medium frequently produced larger 
colonies than did the standard tryptone-glucose- 
beef extract agar, yet all counts were comparable. 
Besides being easily prepared, the new medium, 
due to its clarity, did not obscure small colonies. 

J. A. Meiser, Jr. 


224. A method of collecting sterile blood from 
cattle. F. V. Wasuxo. Purdue Univ., Lafay- 
ette, Ind. Am. J. Vet. Research, 9, 33: 359. 
Oct., 1948. 


A method is described for obtaining blood 
from the jugular vein of cattle without con- 
tamination. The vein is punctured with a sterile 
18-gauge needle passed through a 14-gauge needle 
used to pass through a disinfected skin area. 

E. W. Swanson 

Also see abs. no. 198, 218. 


DAIRY CHEMISTRY 
H. H. SOMMER, SECTION EDITOR 


225. Method of treating lactalbumin. G. P. 
(Assigned to 


BuTTERFIELD AND L. A. THORNE. 
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American Seal-Kap Corp.) U. S. Patent 2, 457,- 
642. 2 claims. Dec. 28, 1948. Official Gaz. 
U. S. Pat. Office, 617, 4: 1178. 1948. 


Dehydrated lactalbumin may be suspended 
easily in colloidal form in water when made as 
follows: adjust pH to 7.3 to 8.0, add at 100° F. 
proteolytic enzymes derived from papain and 
pancreatic sources, increase temperature to in- 
activate the enzymes in 1 to 20 min., depending 
on the strength of the enzymes, and dry to form 
a stable powder. R. Whitaker 


226. De voorgestelde normalisatie der meth- 
oden ter bepaling van de Zuurheidsgraad van 
melk. (The standardization of the method for 
the determination of the acidity of milk) Eng- 
lish summary. C. I. KruisHeer. Rykszuivel- 
station, Leiden, Holland. Netherlands Milk 
Dairy J., 2, 3: 127-136. July-Sept., 1948. 


The principal methods of determining milk 
acidity (Soxhlet-Henkel, Dornic, Thorner, Mann 
and Van Norman) use different quantities of 
milk, sometimes diluted with water. Other dif- 
ferences are the quantity of indicator, the con- 
centration of alkali and the way of expressing 
results. 

Variation in alkali concentration and dilution 
of the milk can be considered the same factor. A 
slight amount of water makes little difference 
(Soxhlet-Henkel, Dornic, Mann), large amounts 
cause too low and unpredictable values (Thorner, 
Van Norman) by hydrolysis of calcium caseinate. 

Variation in the quantity of indicator causes 
large differences, especially if small amounts are 
used. It is best to use a rather large quantity, 
allowing accurate measurement and giving an 
easy color change with easily observable end 
point. 

The best way of expressing results would be 
in decimal units; the number of 0.1 cm.? of 0.1 N 
alkali for 10 cm.* of milk was proposed. By 
using 0.4 cm.° of 2% phenolphthalein solution 
and titrating without dilution, the most desirable 
form of acidity determination suitable for stand- 
ardization was obtained. A. F. Tamsma 


227. Variations in milk and their effects on 
processing. Part I. How variations in the fat 
and total-solids affect the properties of milk. 
W. I. Trersven. New Mexico A. and M. Col- 
lege, State College. Milk Plant Monthly, 37, 
11: 33. Nov., 1948 . 


The physical and chemical properties of milk 
are altered considerably by variation in milk 
composition. Since the total solids content of 
milk is relatively small in relation to the mois- 
ture content, any change in composition would 
exert the most pronounced effect on the fat, pro- 
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tein, sugar and mineral portion of the milk. 
Milk fat, which is comprised of many fatty acids, 
shows pronounced variations when analyzed 
chemically. This fact accounts for fats with 
high or low melting points, and this in turn al- 
ters many plant procedures, such as churning 
time and temperature, homogenization and sep- 
aration. Variations in protein content of milk, 
coupled with the hydrophilic nature of this con- 
stituent, exert a pronounced influence on the 
physical and chemical properties of milk; pro- 
cessing may be altered to a considerable degree. 
J. A. Meiser, Jr. 


228. Variations in milk and their effects on 
processing. Part 2. How variations in the pro- 
teins, salts, and the other components affect the 
properties of milk. W. I. Trersven. New 
Mexico A. and M. College, State College. Milk 
Plant Monthly, 37, 12: 37, 73. Dec., 1948. 


Variations in the protein constituents of milk 
are not uncommon. Colloidal casein affects the 
color, viscosity, density and stability of milk, 
whereas the extremely hydrophilic albumin and 
globulin influence the creaming properties of 
milk, especially when exposed to pasteurization 
temperatures. Variations in lactose composition 
are not uncommon in mastitis. Also, this com- 
ponent, due to its ease of crystallization, governs 
ice cream composition to a great degree. Al- 
though little is known about the true variations 
in the salt composition of milk, these changes 
definitely influence the heat stability and coagulat- 
ing properties of milk. | Increased knowledge of 
milk components will affect future methods and 
processing procedures in the dairy industry. 

J. A. Meiser, Jr. 

Also see abs. no. 213. 


DAIRY ENGINEERING 
A, W. FARRALL, SECTION EDITOR 


229. Pasteurizing system. R. E. Otson. (As- 
signed to Taylor Instrument Co.) U. S. Patent 
2,455,605. 3 claims. Dec. 7, 1948. Official Gaz. 
U. S. Pat. Office, 617, 1: 187. 1948. 


The novel feature of this HTST pasteurizing 
system is a T-shaped fitting having its opposite 
ends sealed with flexible diaphragms and con- 
nected, one with unpasteurized milk as it flows 
through the heater section and the other with 
the pasteurized milk as it flows through the cooler. 
Should the pressure on the pasteurized milk fall 
below that of the unpasteurized milk, the dia- 
phragms are depressed in such a manner to oper- 
ate an electrical switch which stops the unpas- 
teurized milk pump, thus preventing any possi- 
ble leakage of raw to pasteurized milk. 

R. Whitaker 


230. Method of sterilizing and preserving. A. 
Brascu. (Assigned to Electronized Chemicals 
Corp.) U.S. Patent 2,456,909. 17 claims. Dec. 
21, 1948. Official Gaz. U. S. Pat. Office, 617, 3: 
833. 1948. 


Foodstuffs, including dairy products, may be 
sterilized without affecting flavor and physical 
properties, by bombardment with high speed elec- 
trons of a velocity equivalent to at least 1 million 
volts for 0.0001 sec. R. Whitaker 


231. Manufacture of ice cream. Refrigerating 
Engineering Application Data 41. Cuester J. 
Bett, Chairman ASRE Technical Committee 
on Dairies and Allied Industries. Refrig. Eng., 
55: 1. Jan., 1948. 


A basic presentation of the varied items of 
ice cream manufacture covering make-up of ice 
cream mix, processing ice cream mix, freezing and 
hardening ice cream is given. Included is a 
representative flow diagram of ice cream plant 
equipment employing the continuous freezer, along 
with operating features and refrigeration appli- 
cations. Detailed calculations of refrigeration 
requirements are presented to illustrate refrig- 
eration loads involved in mix cooling, mix freez- 
ing and ice cream hardening. L. M. Dorsey 


232. Measurement of holding time of high- 
temperature, short-time pasteurizers. W. JorDAN 
AND R. F. Hottanp. Cornell Univ., Ithaca, N. Y. 
Milk Plant Monthly, 37, 11: 85. Nov., 1948 


Since the margin of safety is exceedingly small 
in the high-temperature, short-time pasteurizers, 
accurate timing of the holding period is essential. 
Injecting varying concentrations of salt (NaCl) 
into the holding tube and measuring by electri- 
cal conductivity the length of time necessary for 
the salt to be discharged at the far end of the 
tube showed a saturated solution of salt to be 
the most satisfactory for determining the holding 
period. It also was observed that the injected 
salt solution should be directed across the flow 
since comparisons of “against-the-flow” to “with- 
the-flow” produced 0.7 sec. differences in the 
holding period as measured by this method. 
Spray-type nozzles were best for injecting the 
saturated salt solution. J. A. Meiser, Jr. 


DAIRY PLANT MANAGEMENT AND 
ECONOMICS 


L. C. THOMSEN, SECTION EDITOR 


233. Important factors in your operating costs. 
L. C. THomsen. Univ. of Wisconsin. Natl. But- 
ter Cheese J., 40, 1: 74-76. Jan., 1949. 


Dairy plant operators must watch operating 
costs, particularly during period of general de- 
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pression or inflation. With few exceptions, the 
dairy industry returns a greater portion of the 
consumer’s dollar to the primary producer than 
any other industry. To maintain this favorable 
position great interest is shown in the importance 
of processing costs. 

In a simple method of expressing operating 
costs, these are classified broadly into the follow- 
ing groups: personal services; material costs; 
services; general expense; property expense; profit 
before dividends and interest; taxes. In the dairy 
industry wages paid to labor have increased ap- 
proximately 81% since 1939 with little increase 
in output per individual, indicating a similar in- 
crease in labor costs per unit output. A greater 
output per worker is advocated to compensate for 
this rise. The minimum figure for profit for the 
dairy industry should be 2.1% of gross income or 
12% of net worth. The ratio of net worth to 
gross income serves as a means of evaluation of a 
dairy business. This ratio should be approxi- 
mately 1:5.7. The plant operator should depart- 
mentalize his cost figures to gain the utmost ad- 
vantage from them. H. E. Calbert 


234. Good will, the hidden treasure in busi- 
ness. Frep MerisH. Milk Plant Monthly, 37, 
12: 60-62. Dec., 1948. 


A discussion of factors necessary to purchase, 
compute and maintain good will is presented. 
Two methods for estimating the good will value 
of a dairy enterprise are presented together with 
illustrations of the application of the methods. 

J. A. Meiser, Jr. 


235. Problems in the operation of city milk 
plants. L. W. Hoyt. Detroit Creamery Co., 
Detroit, Mich. Milk Plant Monthly, 37, 12: 
104-106. Dec., 1948. 


The task of directing and coordinating milk 
processing today involves nothing more than 
utilizing sound fundamental plant-operating pro- 
cedures. This includes such basic items as: (a) 
regulated receiving, (b) proper production ac- 
counting, (c) adequate inventories, (d) utility 
checks, (e) product waste control, (f) minimized 
bottle breakage, (g) good housekeeping, (h) prod- 
uct control and (i) proper plant maintenance. 

The future necessitates solving additional prob- 
lems such as: (a) conversion to new type equip- 
ment, (b) increasing speed of plant operations, 
(c) designing more economical methods of ware- 
housing and (d) regulating the quality and ap- 
pearance of the product to meet new standards. 


J. A. Meiser, Jr. 


236. Medosweet emphasizes dealers. E. R. 
Lucas. Ice Cream Trade J., 44, 12: 44, 45. 
Dec., 1948. 


This Tacoma, Washington, company attributes 
the steady and consistent growth in consumer ac- 
ceptance of its product to quality of product, 
dealer education and point of sale promotion. 
The dealer education program consists of showing 
him how to dip ice cream correctly, how to make 
a profit by correct dipping and suggestive selling 
and the possibilities of the ice cream department 
in necessary sales in other departments. 

W. H. Martin 


237. What consumers think. ANoNyMous. 
Ice Cream Trade J., 44, 12: 41, 79-81. Dec., 
1948. 


The General Ice Cream Corp. of Schenectady, 
N. Y., assisted by 85 drug store owners in Con- 
necticut, has made a marketing research study in- 
volving 9,290 consumers. For a big majority, 
opening and closing hours were satisfactory and 
most of the customers said the packaged ice 
cream was kept hard enough to reach home in a 
satisfactory condition Many (31.5%) said that 
their home refrigerator would not keep ice cream 
satisfactorily. Fountain service was good, ac- 
cording to 84.5% of the replies and only 2.8% 
thought it was poor. A majority (54.1%) con- 
sidered 20¢ a fair price for a good soda and 55.1% 
thought 25¢ was a fair price for a good sundae. 
On the question of size of serving, 60.8% indi- 
cated a preference for a larger portion priced at 
30¢ to a smaller one at 20¢. The information 
obtained was supplied to dealers with comments 
on how to increase sales. W. H. Martin 


238. Safeguard your markets. E. J. MATHER. 
National Dairy Products Corp. Ice Cream Trade 
J., 44, 12: 50, 52, 63, 65, 88-92. Dec., 1948. 


The author recommends that manufacturers 
teach their dealers to price for profit dollars in- 
stead of for profit percentages as a means of main- 
taining and increasing per capita consumption of 
ice cream. W. H. Martin 


239. Collection time is selling time. R. W. 
Encie. Engle Dairy, Philadelphia, Pa. Milk 
Plant Monthly, 38, 1: 34-35. Jan., 1949. 


A comparison of every-other-week collection 
with weekly collection is made. The author main- 
tains that weekly collection allows routemen to 
contact working housewives more often, thus pro- 
moting future sales through personal contact. 
Every-other-week collection, he maintains, builds 
up sales resistance since mounting milk bills tend 
to force the customer to eliminate the extras. 

J. A. Meiser, Jr. 


240. A customer solicitation program. Ross 
Miter. Milk Plant Monthly, 38, 1: 46-47. 
Jan., 1949. 
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This program requires that routemen submit 
a weekly list of 12 prospects or potential customers 
to the plant office. A 12-page booklet describing 
the operations of the company plus a form letter 
is sent to the prospective customer followed by a 
free bottle of milk. The driver then contacts the 
recipient 2 or 3 days later. This practice of soli- 
citation has been very successful in adding new 
customers. J. A. Meiser, Jr. 


241. A year-round incentive plan. Tep Knicur. 
Milk Plant Monthly, 38, 1: 60, 65. Jan., 1949. 


For each new customer picked up and retained 
for a 30-day period, the routeman receives a 
bonus of 50 cents per qt. for the month’s average 
daily delivery to the new customer plus the usual 
dairy products percentage. Wholesale routemen 
receive $2.40 for each case of milk ordered by a 
new customer for a 30-day period. 

J. A. Meiser, Jr. 


242. Don’t live off your reserves. H. J. ASHE. 
Milk Plant Monthly, 38, 1: 48,50. Jan., 1949. 


To maintain equipment and rolling stock it is 
extremely important that a depreciation reserve 
be maintained religiously; otherwise, earnings will 
be reduced because of antiquated equipment or 
accumulated replacement costs. 


J. A. Meiser, Jr. 


FEEDS AND FEEDING 
W. A. KING, SECTION EDITOR 


243. Fermentation ability of ingesta from nor- 
mal and atonic bovine rumens. E. C. Stone. 
State College of Washington, Pullman. Am. J. 
Vet. Research, 10, 34: 26-29. Jan., 1949. 


Rumen ingesta from normal rumen-fistulated 
cows produced from 112 to 250 ml. gas when in- 
cubated for 4 hr., compared to 4.5 to 59 ml. from 
cows with atonic rumens operated on for removal 
of foreign bodies. Experimental traumatic re- 
ticulitis or fasting 48 hr. produced the typical 
atonic rumen reaction. Volatile acidity of nor- 
mal rumen ingesta was 84 to 167 ml. 0.1 N, while 
from atonic rumen ingesta it was 24 to 88 ml. 
0.1 N. Volatile acidity varied with time of feed- 
ing. E. W. Swanson 


GENETICS AND BREEDING 
N. L. VAN DEMARK, SECTION EDITOR 


244. A summary, breeding failure survey in 
Washington. R. E. Erp anp A. O. SHaw. State 
College of Washington, Pullman. Proc. 29th Ann. 
Meeting, Western Div., Am. Dairy Sci. Assoc. 
P. 40. 1948. 


Analysis of 15 dairy herds which had exhibited 


a high incidence of breeding difficulties revealed 
that the following were associated with low breed- 
ing efficiency of the cows studied: poor nutrition, 
disease of the reproductive tract, short interval 
between parturition and insemination, irregular- 
ity of intervals between inseminations and low 
breeding efficiency of the sire. There was an 
indication that breeding difficulties were more 
frequent among cows born in the spring of the 
year than among those born at other seasons. No 
significant difference was found in the rate of 
conception following artificial insemination as 
compared to natural breeding. 
N. L. Jacobson 


245. Results of the proved sire program in the 
Holstein herd at the University of Idaho. D. L. 
Fourt anv R. H. Ross. Idaho Agr. Expt. Sta., 
Moscow. Proc. 29th Ann. Meeting, Western Div., 
Am. Dairy Sci. Assoc. P. 58. 1948. 


The continuous selection of sires on the basis 
of the type and production of their daughters re- 
sulted in an increase in the average butterfat pro- 
duction and an improvement in the type of the 
Holstein herd at the University of Idaho. 

N. L. Jacobson 


246. Factors influencing the methods of bovine 
semen evaluation. B. A. AsH anv R. E. 
State College of Washington, Pullman. Proc. 
29th Ann. Meeting, Western Div., Am. Dairy Sci. 
Assoc. P. 76. 1948. 


Studies of undiluted bovine semen revealed that 
the survival time of sperm at 45° C. was greatest 
at concentration levels of 800,000 to 1,000,000 
sperm per cubic mm. The survival of undiluted 
semen in storage at 40° F. was correlated posi- 
tively with survival time at 45 °C. and with the 
ascorbic acid levels of whole semen. A significant 
positive correlation was found between methylene 
blue reduction time and ascorbic acid values of 
semen. N. L. Jacobson 

Also see abs. no. 195. 


HERD MANAGEMENT 
H. A. HERMAN, SECTION EDITOR 


247. Milk pail cover. A.C. Werpy. (Assigned 
to Solar Corp.) U. S. Patent 2,460,049. 8 
claims. Jan. 25, 1949. Official Gaz. U. S. Pat. 
Office, 618, 4: 1129. 1949. 


A milk pail cover having a pair of tubes for at- 
taching the teat cup hoses and a pair for attaching 
to suction and pulsator is described. One control 
handle closes the latter and opens the former to 
permit removal of the cover from the pail for 
emptying. Turning the handle in the opposite 
direction reverses the valves and places the equip- 
ment in operation. R. Whitaker 
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248. Pressure Releaser Milker. F.G. Hopspon. 
(Assigned to International Harvester Co.) U. S. 
Patent 2,458,779. 7 claims. Jan. 11, 1949. 
Official Gaz. U. S. Pat. Office, 618, 2: 543. 1949. 


The vacuum pulsations on a milker are passed 
through a sealed can. The milk from the teat 
cups enters this can and then is removed automati- 
cally through an outlet attached to a container 
within the can. Removal is accomplished by hav- 
ing a novel valve in the small container; this valve 
opens and fills the container when vacuum is ap- 
plied and then closes and forces the milk out the 
outlet when air pressure is applied. 

R. Whitaker 


249. Breaking lead halter for cattle. J. G. 
Lawrence. U. S. Patent 2,457,246. 2 claims. 
Dec. 28, 1948. Official Gaz. U. S. Pat. Office, 
617, 4: 1081. 1948. 


A halter suitable for leading cattle consists of 
a loop which encircles the animal’s nose and is 
held in place by a head strap. The loop is made 
of 2 curved members, hinged on top and bolted 
together on the bottom, each member carrying a 
short post and receiving ring on the top. 
R. Whitaker 


250. Cattle restraining device. H. Fionr, Jr. 
U. S. Patent 2,458,582. 4 claims. Jan. 11, 1949. 
Official Gaz. U. S. Pat. Office, 618, 2: 492. 1949. 


This device is placed across a gateway where 
the animals may enter it one at a time. The ani- 
mal within the device is restrained between two 
side members which are drawn together and 
clamped. The holder then may be swung to a 
horizontal position to facilitate surgical work, de- 
horning or branding. R. Whitaker 


251. Bull halter and controller. H.Massrucu. 
(Assigned to Russell Mfg. Co.) U. S. Patent 
2,458,717. 2 claims. Jan. 11, 1949. Official 
Gaz. U. S. Pat. Office, 618, 2: 526. 1949. 


The novel feature of this halter is a pair of 
blinders which cover the eyes of the animal allow- 
ing forward sight if the head is held high and pre- 
venting fordward sight if the head is lowered for 
charging. R. Whitaker 


252. A study of calf-raising facilities in the 
State of Washington. G. W. Scort, Jr., R. E. 
Ers, A. O. SHaw, R. O. Gripen AND W. E. Mat- 
son. State College of Wash., Pullman. Proc. 
29th Ann. Meeting, Western Div., Am. Dairy Sci. 
Assoc. P. 70. 1948. 


Calves were raised satisfactorily in an open pen- 
type shed during the winter of 1947-48. Radiant 


heating units were unsatisfactory as substitutes for 
straw bedding for calves. 
Facilities available for calf raising in the state 
of Washington are summarized. 
N. L. Jacobson 


ICE CREAM 
C. D. DAHLE, SECTION EDITOR 


253. Ice cream packer. L. J. Gucrest.. U. S. 
Patent 2,457,541. 2claims. Dec. 28, 1948. Of- 
ficial Gaz. U. S. Pat. Office, 617, 4: 1154. 1948. 


A cylindrically-shaped utensil for packing re- 
tail packages of ice cream is described. It is 
equipped with a handle to push the device down 
into ice cream and a piston which ejects the ice 
cream from the cylinder when pressed down by a 
handle which is attached to the piston. 

R. Whitaker 


254. Arden’s diced cream. ANonyMous. Ice 
Cream Trade J., 45, 1: 36. Jan., 1949. 


A new package for individual servings of ice 
cream and a filling machine has been developed. 
The carton, made of light, waxed paperboard, has 
a capacity of 3.5 fl. oz. and forms a 2-in. cube of 
ice cream. The cartons are set up, filled with 
semi-frozen ice cream, closed by the machine and 
moved on a conveyor to a hardening room. 
Freezing is completed in 35 to 40 min., after 
which they are packed by hand in a heavy chip- 
board box for distribution to stores. New glass- 
ware also has been developed for use in dispens- 
ing this new form of ice cream. Quicker, more 
sanitary dispensing without dipping loss are some 
of the advantages claimed for the new package. 

W. H. Martin 


255. 1948 gallonage expected to top 550 million 
gallons. ANonyMous. Ice Cream Trade J., 44, 
12: 42, 68. Dec., 1948. 


On the basis of U.S.D.A. reports for the first 
10 mo. of 1948, which indicate a drop of 11% 
from the same period in 1947, the gallonage for 
the entire year will be about 550 million. 

W. H. Martin 

Also see abs. no. 231, 236, 237, 238. 


MILK 


P. H. TRACY, SECTION EDITOR 


256. Cream dispenser. J.P. Jones. (Assigned 
to Dairy Specialties Co.) U. S. Patent 2,459,130. 
6 claims. Jan. 11, 1949. Official Gaz. U. S. Pat. 
Office, 618, 2: 633. 1949. 


Two holes are provided in the side of conven- 
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tional paper milk bottles, one at the lower cream 
level and one at the upper cream level. The holes 
are closed by a flap which may be swung down- 
ward to uncover the upper or upper and lower 
hole, for removal of milk or cream. 


R. Whitaker 


257. Milk container. J. P. Jones. (Assigned 
to Dairy Specialties, Inc.) U.S. Patent 2,457,822. 
4 claims. Jan. 4, 1949. Official Gaz. U. S. Pat. 
Office, 618, 1: 140. 1949. 


A square-shaped paper milk bottle is described 
which employs a perforated shelf located at the 
level of the bottom of the cream line which facili- 
tates removal of the cream through a wall opening 
sealed with a partially severed closure tongue. 

R. Whitaker 


258. Some aspects of pasteurization in a market 
milk plant. A. G. F. Irztrorr. Australian J. 
Dairy Technol. 3, 3: 91-95. July—Sept., 1948. 


The effects of low-temperature, holding (LTH) 
and high-temperature, short-time (HTST) meth- 
ods of pasteurizing milk on cream line and 
on bacterial destruction were compared. The 
temperature and time relationship was 145° F. 
for 30 min. for the LTH method and 162° F. 
for approximately 32 sec. for the HTST method. 
No serious reduction in cream line was observed 
using the LTH method unless the temperature ex- 
ceeded 148° F. or the holding period exceeded 
45 min. The HTST method likewise had little 
effect on cream line when measured immediately 
after pasteurization and cooling. Temperatures 
above 162° F. (presumably with 32 sec. holding) 
materially reduced the cream line. Storage of 
milk after HTST pasteurization for 5, 8.5 and 16 
hr., with subsequent agitation prior to bottling re- 
sulted in a cream line reduction of 25, 36 and 45 
to 50%, respectively. With LTH pasteurization, 
cream line reduction after similar treatment did 
not exceed 10%. Plate counts of pasteurized milk, 
using Difco tryptone-glucose-extract medium with 
incubation at 37° C. for 48 hr., were obtained at 
intervals during 1 mo. before and 1 mo. after a 
change from LTH to HTST pasteurization. Dur- 
ing the period of LTH pasteurization, bacterial 
counts were somewhat lower than those obtained 
during the HTST pasteurization period. Direct 
comparisons between the two systems of pasteuri- 
zation using a split lot of the same milk were not 
made. Counts obtained after “laboratory pasteur- 
ization” agreed with counts obtained after LTH 
pasteurization but not with counts after HTST 
pasteurization. In accounting for the differences 
in bacterial destruction by the two methods of 
pasteurization, the suggestion was made that the 
physiological condition of the cells may be impor- 


tant, in that mature or aged cells may show a 
greater degree of heat tolerance to the HTST 
process than to the LTH process. 
J. C. Olson, Jr. 
Also see abs. no. 220, 223, 227, 228, 229, 232, 
235, 239, 240, 241, 259, 260. 


NUTRITIVE VALUE OF DAIRY 
PRODUCTS 


R. JENNESS, SECTION EDITOR 


259. Translating dietary allowances into foods 
and diets. L. A. Maynarp. Cornell Univ., 
Ithaca, N. Y. J. Am. Dietetic Assoc., 25, 1: 18- 
20. Jan., 1949. 


The most significant of the changes in the new 
Recommended Daily Allowances is the increased 
recommendation for Ca in the adult diet. The 
mere addition of more milk and green leafy vege- 
tables in the diet is difficult, since many of the 
food habits of adults would have to be changed, 
milk supplies in many localities are inadequate 
to meet present demands and, in some cases, the 
incomes of families do not permit them to buy 
more milk. A desirable ‘plan would be to in- 
crease the milk supply, not so much through agri- 
cultural production as through more efficient use 
of present supplies, better distribution and con- 
sumer education. Low income groups could be 
aided by extending public funds, now used to care 
for the sick, for use in preventing illness by pro- 
viding adequate diets for those unable to obtain 
them. In addition to providing more of the su- 
perior foods, such as milk, dietary improvement 
can be brought about through an improvement in 
the nutritional quality of foods now produced, 
processed and marketed. The establishment of 
nutritional standards for foods would involve too 
many difficulties, but the consideration of such an 
idea would bring before the public the need for 
superior nutritional quality of available tood sup- 
plies. Elizabeth K. Wheeler 


260. Milk in human nutrition. C. P. Szcarp, 
M. C. Wisconsin Alumni Research Foundation, 
Madison. Milk Plant Monthly, 37, 12: 58-59, 
108-109. Dec., 1948. 


The author presents a complete discussion of 
the importance of vitamins, milk solids, minerals 
and milk sugar in human nutrition. A discussion 
of the nutritional value of special milk products 
such as homogenized milk, “Vitamin D Milk” and 
fat-free milk also are included. 


J. A. Meiser, Jr. 


261. Increasing the “invisible milk” in the 
daily food intake. M. B. Batstey, Nutrition 
Consultant. Evaporated Milk Assoc., Chicago, 
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Ill. J. Am. Dietetic Assoc., 25, 1: 58-64. Jan., 
1949. 


Adult diets are in need of revision in view of 
the present increase in the Recommended Daily 
Allowances for Ca from 0.8 to 1 g. More milk 
can be provided by including dishes prepared 
with milk. There is considerable variation in the 
amounts of milk used for the same dish in differ- 
ent recipe books. The selection of those recipes 
using larger quantities of mlik and more concen- 
trated sources, such as dried and evaporated milk, 
can increase considerably the milk consumption 
by adults. The inclusion of more cheese and 
ice cream in the diet is recommended. Additional 
milk may be used on cereals, in bread-making, on 
vegetables and in soups, main dishes and desserts. 
The planning of menus to supply regular amounts 
of milk in these ways can supplement reduced 
amounts consumed as a beverage by adults. 


Elizabeth K. Wheeler 


262. Effect of food supplements on growth, re- 
production and lactation. P. B. JuNQuEmRA AND 
B. S. Scuweicert. Texas A. & M. College, Col- 
lege Station. J. Am. Dietetic Assoc., 25, 1: 46-49. 
Jan., 1949. 


A study was made of the adequacy, for growth, 
reproduction and lactation in the rat, of diets 
composed of basal mixtures of whole milk powder 
and whole wheat, supplemented with meat, casein, 
liver extract and other factors. Supplementing the 
basal diet with 11.4% of canned beef caused im- 
provement in the performance of the rats in each 
of these respects. When the basal ration contained 
‘16.7% whole milk powder, the addition of beef 
increased the average weaning weights of the 
young rats from 26 to 42 g. and the average num- 
ber of young born to the female from 8 to 11. 
When whole milk powder composed 33.3% of the 
basal ration, the weights of the weanlings in- 
creased from 39 to 43 g. upon the addition of the 
beef. There was no further improvement in the 
number of young produced. Improvement in the 
reproductive performance of the animals was at- 
tributed to the additional protein and possibly 
other unknown factors provided by the beef. The 
addition of casein caused improvement as did the 
beef, but the liver extract appeared to have no 
effect. Elizabeth K. Wheeler 


263. Technik des Tierversuchs und seine Bedeu- 
tung fiir die Bewertung von Milchprodukten. 
(The technic of the animal test and its im- 
portance for the evaluation of milk products.) 
English summary. Lactrone G. m. Bs. H. 
Die Milchwissenschaft, 3,5: 117-125. May, 1948. 


Six groups of 10 albino rats in each group were 
used in determining availability of riboflavin in 
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dairy products. The basal diet consisted of 24% 
dry whey, 12% washed casein, 14% butterfat and 
50% potato starch. The six diets used were (a) 
basal diet with dry whey and casein replaced by 
skim milk (12 ml./animal/d.), (b) basal diet 
plus fresh whey (12 ml./animal/d.), (c) basal 
diet only, (d) basal diet with dry whey replaced 
by roasted whey (held 1.5 hr. at 200° C.), (e) 
diet d plus 5% Fuller’s earth adsorbate (prepared 
from whey and containing primarily vitamins B, 
and B,), (f) basal diet with dry whey replaced 
by corresponding amounts of lactose, protein and 
minerals. Optimum weight gains were obtained 
with diet a followed by b, c and d in the order 
named. The negative results obtained with diet 
f were due to the absence of vitamins. The slow 
gains obtained with d and e were due to the harm- 
ful effect of roasting upon the proteins in the 
whey. The Fuller’s earth adsorbate of fresh whey 
could be used as vitamin B, source by the rats. 
Four groups of thrée guinea pigs in each group 
were used to determine the vitamin C content in 
the Fuller’s earth adsorbate of fresh whey. The 
basal diet consisted of 65% ground oats, 30% 
skim milk powder, 1% butter, 1% yeast, and hay 
ad libitum. The ground oats, milk powder and 
hay were exposed to 110° C. for 6 hr. to destroy 
the vitamin C. The four diets used were: (a) 
basal diet only, (b) basal diet plus 0.5 mg. ascor- 
bic acid/animal/d., (c) basal diet plus 20% 
Fuller’s earth whey adsorbate and (d) basal diet 
plus 40% Fuller’s earth adsorbate. The absence 
of vitamin C in Fuller’s earth adsorbate was es- 
tablished. I. Peters 


264. Uber den biologischen Wert des Eiweisses 
von Kefirpilzen im Vergleich zum Eiweiss der 
Milch, verschiedener Hefen und Schimmelpilze, 
sowie zum Kartoffeleiweiss. (On the biological 
value of the proteins of kefir fungi in comparison 
with protein of milk, of various yeasts and molds 
and of potatoes.) English summary. H. Fink. 
Die Milchwissenschaft, 3, 5:125-133. May, 1948. 


Albino rats were used in feeding trials to obtain 
biological values of proteins from yeasts, molds 
and potatoes and to compare them with milk 
proteins. The liver symptoms observed in feed- 
ing yeast proteins could be corrected in most in- 
stances by the addition of 0.2% t-cystine to the 
diet. By assigning to milk protein a biological 
value of 100, beer yeast was given 84; straw-pre- 
hydrolyzate yeast, 64; beechwood alkaline sulfite 
yeast, 34; wood sugar yeast, 33; “Aspergillus 
orycae”, 44; “Biosyn”, 53; and potato protein, 54. 
The type of yeast and its environment, such as 
growth medium, oxygen relationship, temperature, 
rate of growth, etc., are mentioned as possible 
factors controlling the biological value of the re- 
sulting protein. 


— 
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The biological value of kefir protein was 90% 
of the value of milk protein and was the highest 
value obtained in plant proteins. Additions of 
cystine to kefir protein were unwarranted, since no 
liver symptoms were produced in 90-d. feeding 
trials. Possible reasons for the high biological 
value of kefir protein are: (a) symbiosis of bac- 
teria and yeast in kefir, (b) slow growth without 
aeration, (c) abundant supply of organic nitrogen 
and growth factors. I. Peters 


PHYSIOLOGY AND 
ENDOCRINOLOGY 


R. P. REECE, SECTION EDITOR 


265. Sulfamethazine blood concentrations in 
calves. C. R. SHroeper, M. WeExsH, R. L. Burk- 
HART, AND P. H. Lancer. Lederle Laboratories, 
Pearl River, N.Y. Am. J. Vet. Research, 10, 34: 
63-65. Jan., 1949. 


Experiments with 2- to 3-mo. old normal calves 
showed that sulfamethazine accumulated in the 
blood on a dosage of 1 g./lb. body weight daily. 
Optimum dosage was | g./lb. on subsequent days. 
The drug also was administered successfully at 
the same rate in the milk fed the calf and by sub- 
cutaneous injection. No evidence of hematuria, 
inappetence or blood changes was noted. 

E. W. Swanson 


266. Studies on vehicles for sustaining penicillin 
levels in the bovine mammary glands. E. J. 
Fotey, A. W. Sturtz, S. W. LEE anp J. V. 
Byrne. Wallace Laboratories, Princeton, N. J. 
Am. J. Vet. Research, 10, 34: 66-70. Jan., 1949. 


The penetration and persistence of single doses 
of 100,000 units of penicillin in water-in-oil ve- 
hicles infused into the udder were studied. Ve- 
hicle A, containing mineral oil, water and lanolin 
derivatives, was slightly superior to an aqueous 
infusion, retaining 1.5 to 2.0 units of penicillin/ 
ml. of milk at 36 hr., compared to none from the 
aqueous vehicle. Vehicle B, containing mineral 
oil, water, lanolin derivatives, propylene glycol 
and a nonionic wetting agent, persisted in the lac- 
tating gland longest, having 0.4 to 4 units of peni- 
cillin/ml. of milk at 72 hr. The vehicles were 
without clinical irritating effects. Dye in aqueous 
solution and in vehicle B showed in the excised 
udder that the effect of the water-in-oil emulsion 
was due to its general diffusion throughout the 
gland, while the aqueous solution went only 
slightly beyond the cistern area. E. W. Swanson 


267. The effect of lactation upon the ascorbic 
acid values of whole blood and blood plasma. 
R. G. Tuomas, R. E. Erp anp A. O. SHaw. 
State College of Washington, Pullman. Proc. 
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29th Ann. Meeting, Western Div., Am. Dairy 
Sci. Assoc. P. 62. 1948. 


In a study of both lactating and non-lactating 
cows of the Holstein, Jersey and Guernsey breeds 
a correlation, which was highly significant statis- 
tically, was observed between blood plasma ascor- 
bic acid levels and pounds of milk produced per 
day. When the data for the dry cows were ex- 
cluded, only the Holsteins showed a significant 
correlation between the level of milk production 
and blood plasma ascorbic acid. 

N. L. Jacobson 


SANITATION AND CLEANSING 
K. G. WECKEL, SECTION EDITOR 


268. Control of insects and rodents in dairy 
plants. E. M. Searts, Sealtest, Inc., New York, 
N. Y. Milk Plant Monthly, 37, 11: 83. Nov., 
1948. 


No rodent-control program will be effective un- 
less rodent-proof barriers are constructed in all 
the openings leading into the building. Once this 
has been effected, trapping with a clap-type trap 
baited with foods that the rats like but don’t have 
access to has been very successful. Suggested 
baits are bacon rind, smoked fish, raw meat, pea- 
nut butter, vegetables, bananas and other fruits. 
Ten mouse traps and ten rat traps should be suf- 
ficient for the average-size plant. 

Insect control can be effected best using 5% 
DDT in an odorless kerosene base. Apply this 
solution to clean surfaces where the insects go to 
roost or hide. As kerosene evaporates, it will 
leave dry DDT crystals which are toxic to insects 
for long periods. This procedure should be re- 
peated every 3 mo. J. A. Meiser, Jr. 

Also see abs. no. 218. 


MISCELLANEOUS 


269. History of research dealing with problems 
confronting the dairy industry which have been 
conducted by the Agricultural Experiment Sta- 
tions, A. R. Contey. Ohio State University. 
Mimeograph. 219 pp. 1949. 


This publication is divided into two parts. The 
first part lists, by individual experiment stations, 
those bulletin publications during the interval 
covered which are concerned with material related 
directly or indirectly to the different phases of 
dairying. The second part arranges the publica- 
tions listed in the first part according to the subject 
matter treated, utilizing the title of the publica- 
tion as the basis for indexing. 

This is an interesting publication which un- 
doubtedly will be of value to many. However, 
many stations have published extensively outside 
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of their bulletin series; at other stations certain 
workers may have chosen to publish in journal 
articles. Therefore, because journal articles are 
not included, this compilation may give consider- 
ably less than a true picture of either the program 
and publications of a particular station or the 
contributions which an individual has made. 


F. E. Nelson 


270. Dairy research under the Research and 
Marketing Act. E. A. Meyer, U.S.D.A. Milk 
Plant Monthly, 38, 1: 36, 64. Jan., 1949. 


Increased efforts are being made under the 
Research and Marketing Act to promote the com- 
plete utilization of milk and its by-products, in- 
cluding such projects as the use of cheese whey in 
sherbets as the sole source of milk solids and the 
use of high grade dry buttermilk solids in ice 
cream. Economic studies relating to the sea- 
sonality of milk prices and the function of co- 
operatives in the development of milk-pricing 
plans and methods. are being, conducted, as are 
studies of the yields of a unit quantity of milk. In 
the production field, intensive experiments are 
being conducted to develop new strains of dairy 
cattle for hot and humid climates and for owners 
of small dairy herds. J. A. Meiser, Jr. 


271. Dependability of food judges as indicated 


by an analysis of scores of a food-tasting panel. 
ANDREA OvERMAN, Oregon Agr. Expt. Sta., AND 
Jerome C. R. Li, Oregon State College, Corvallis. 
Food Research, 13, 6: 441. Nov.—Dec., 1948. 
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A method of determining the reliability of flavor 
judgments by members of a food-tasting panel is 
described and discussed. In the example pre- 
sented, ten judges scored ten replicate lots con- 
taining five food samples having definite flavor 
variations. The results were analyzed in 2 ways. 
The score ranges, the number of duplicated judg- 
ments and the absolute deviations from the means 
revealed some of the more obvious differences 
among the judges. Analysis of variance was used 
to measure the consistency and the discriminating 
abilities of the judges. A high ability to recognize 
differences in samples, together with a low vari- 
ability in duplicating judgments, are stated as 
being the marks of a good judge. _‘F. J. Doan 


272. Significance in triangular taste tests. E. B. 
Roesster, J. WARREN AND J. F. Guymon. Univ. 
of Calif., Davis. Food Research, 13, 6: 503. 
Nov.—Dec., 1948. 


The “triangular” or odd-sample method of dis- 
tinguishing small differences in flavor between 
two food samples is described. The samples are 
presented in groups of three, two in each group 
being identical. Six orders of presentation are 
possible: AAB, ABA, BAA, BBA, BAB, ABB. 
When differences are questionable each taster 
should be served the samples in all six sequences. 
The results lend themselves to statistical analysis 
and a table showing the number of correct an- 
swers required to establish significant differentia- 
tion is presented. F. J. Doan 
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especially designed and easily 
applicable to all dairy plants 


gives plant operators a logical 

plan for assuring complete, easy, 
~ economical cleaning and disin- 

fecting 


provides training in correct san- 
itation procedures for plant 
clean-up crews 


aids in the production of higher 


quality dairy products 


Complete information and technical data... 
compiled especially for you are available 


upon request. We will be pleased to help you: 


with your problems. Your inquiry is invited. 


THE DIVERSEY CORPORATION 
53 West Jackson Blvd., Chicago 4, Ill. 
In Canada: The Diversey Corporation (Canada) 

Ltd., Toronto, Ontario 


Bulls See RED ? 


Bulls are color-blind. Scientists have disproved the 
theory that they “see red.” Famous matadors agree 
that when “El Toro” blows his top at sight of a 
waving red cape, it’s the waving ... not the red... 
that riles him. 


COARSE SALT FOR 
SAUERKRAUT? 


Another popular misconception is the belief among 
some makers of sauerkraut that they must use the 
very coarsest crystals of salt. Scientists know that 
light, bulky salt (such as Diamond Crystal’s grain 
for the purpose) spreads more easily in the vat. 
This results in uniform salt distribution and much 
better control of sauerkraut fermentation. 


DO YOU WANT FACTS? 


For sauerkraut or other “salt minded” products, 
Diamond Crystal has the right grain and grade for 
you. If you want facts about salt requirements for 
your processes, write our Technical Director. He’ll 
gladly recommend the correct grade and grain of 
Diamond Crystal Salt for best results. Diamond 
Crystal, Department H-16, St. Clair, Michigan. 


DIAMOND CRYSTAL 


process GALT 


Your advertisement is being read in every State and in 25 Foreign Countries 


RSEY 
4 
Sanitation 
_ helps you attain correct, 
. 
| 
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FLAV-0-LAC 
FLAKES 


THE CULTURE 
of definitely better 


flavor & aroma pro- 
ducing qualities. 


The standard with 
foremost operators 
agricultural schools & 
colleges. 


FLAV-O-LAC FLAKES 
(shown) produce a quart of the finest 
starter on a single propagation. Single 
bottles $2.00. 


SPECIAL FLAV-O-LAC FLAKES ‘40” 


produce 40 quarts of starter on a single prop- 
agation. Single bottles $3.50. Plus postage. 
Free Cultural Manual of Fermented Milk 
Products on request. 


THE 
BRANCHES 


New York Baltimore Washington 
See our catalog in Dairy Industries Catalog 


Mention 
JOURNAL OF 
D 
A 
I This helps 
R both the 
Y Advertiser 
and you 
C 
| 
E 
N 
When C 
Answering E 
Advertisements 


Copies of the 20-Year Index 
covering Volumes I to XX, 
inclusive are available at the 
following prices: 


MEMBERS 
Cloth Bound ........... $2.35 


Your advertisement is being read in every State and in 25 Foreign Countries 


| 
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NON-MEMBERS 
Cloth Bound ........... $5.50 
. Paper Bound ........... 5.00 
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Why Is Over 80% Of The 
Milk In New York City 


HOMOGENIZED? 


H OMOGENIZED milk has captured over 80% of New York 
City’s milk business in a relatively few years ... and 
GAULIN HOMOGENIZERS process by far the greater part of 
this homogenized milk! 


Experience shows that people prefer the creamier flavor of 
‘homogenized milk once they have tried it. Here is a product 
that offers you a proven, fast growing market. By processing and 
selling homogenized milk you have an opportunity to attract 
many new customers and to get a much higher percentage of 
the milk business in your vicinity. 


Send today for free 28-page booklet 
*Homogenized Milk”. You'll want _GAULIN HOMOGENIZERS can help you to build more sales 
especially to read the _ section nd profits just as they have helped dairymen for over 40 years. 
*Homogenized Milk as a Business GAULIN HOMOGENIZERS are now used successfully in wae 
Builder’. cally every area where homogenized milk is sold. 


44 Garden Street © Everett 49, Mass. 


HOMOGENIZERS . HIGH PRESSURE PUMPS 


use 


Orvus, the time-tested wetting agent 
and synthetic detergent 


—speeds cleaning action Orvus loses none of its cleaning effi- 


—hoosts the efficiency of the alkali ciency in hardest water. Easy to use... 
— assures thorough emulsification economical ...a little goes a long way 
—reduces bottle re-runs, particularly in your soaker tanks. 

on chocolate drink bottles For further particulars about Orvus, write 


—tecreases solution drag-outby PROCTER & GAMBLE 


greatly lowering surface tension P.O. BOX 599 — CINCINNATI 1, OHIO 


= GAULIN MFG. CO., INC. 
For Clean, | 
Sparkling Bottles 

| 
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NOTICE TO CONTRIBUTORS 


Authorship of Original Articles and Reviews.—Space in the JOURNAL is reserved for the 
publication of original research voluntarily submitted by members of the Association to the 
JOURNAL and review articles by invitation. In the case of joint authorship, the membership 
ruling applies to one author only. 

Papers that already have appeared in print or that are intended for simultaneous publica- 
tion elsewhere will not be accepted. 

Manuscripts.—Mauuscripts should be submitted in double spacing on one side of suitable 
§3”x11” paper. The original copy should be furnished. All illustrative and tabular material 
should accompany the manuscript. 

Except in cases of invited reviews, papers must be limited to 12 printed pages unless previ- 
ous permission from the editor is obtained. When non-review articles exceed 12 pages, a charge 
of $5 per over page is made. 

Manuscripts will be published in the order of their receipt. They should be sent to the 
Editor, F. E. Nelson, Dept. of Dairy Industry, Iowa State College, Ames, Iowa. In order to 
speed publication, one author should be designated to assume the responsibility of checking the 
galley on all papers of multiple authorship. All galleys should be returned in the minimum 
possible time to avoid delay in publication. 

Figures.—Original drawings, diagrams and charts should be done in India ink on tracing 
cloth (or white board) not larger than standard letter size (83”%x11”). All lettering should 
be inked in block style and be of such size that the lettering will be not less than 4 in. in height 
when the figure is reduced to 4 in. in maximum dimension. Typewritten labeling of axes and 
axis units is not acceptable. Original drawings should be submitted, rather than photographs 
of such drawings. When suitable drawings are not furnished, the author will be charged for 
the preparation of drawings of satisfactory quality by an independent agency. 

Photographs.—Photographs for halftone reproduction should be glossy prints free of all 
imperfections. 

Legends.—Legends for figures and photographs should be typed on a sheet separate from 
the illustrative material and should be made as concise as possible while retaining their descrip- 
tive character. 

Tabular Material.—Tabular material should be clear, concise and accurate. Often data 
can be condensed and presented in summarized tabular form. Tables of only one or two lines 
should be avoided except in most unusual cases. Excessively large or complicated tables are 
almost impossible to print satisfactorily. Headings should be as concise as possible, yet descrip- 
tive in character. Data may be presented in either tabular form or in figures, but the same 
data must not be presented in both forms. Each table should be placed on a separate sheet 
and not in the body of the manuscript. - The letters a, b, c, etc., should be used for footnote 
designations. If possible, tables should be so organized that they may be set across the page, 
rather than the length of the page. ; 

References.—Literature reviews should be limited to only the most pertinent references. 
Reference lists should be double spaced and arranged alphabetically as to author and by chro- 
nological appearance of the journals cited under a given author. Papers by a single author 
always precede papers by that author and associates. References to multiple authors are ar- 
ranged in the alphabetical order of the several authors. Give only initials rather than full first 
names of male authors. Citations in the text should be made by the number in parentheses, 
corresponding to the number in the reference list. 

Each reference should contain the following: Reference number, author(s), title of article, 
name of journal, volume number, first and last page numbers, and year of publication. Titles 
of all articles should appear in complete untranslated form. Consult recent published articles 
in the JOURNAL for proper citation. Publications are abbreviated according to the form 
given in CHEMICAL ABSTRACTS, vol. 40, no. 24, part 2. 1946. 

Sample of journal citation: (1) Jongs, L. W., AnD SmiTuH, J. D. Effect of Feed on Body 
of Butter. J. Datry Sct., 24: 550-560. 1941. 

Sample of book citation: (1) LANDSTEINER, K. The Specificity of Serological Reactions. 
Rev. Ed. Harvard University Press, Cambridge, Mass. 1945. 

For Experiment Station publications, the citation should be as follows: (1) Courter, S. T., 
AND JENNESS, R. Packing Dry Whole Milk in Inert Gas. Minn. Agr. Expt. Sta. Tech. Bull. 
167. 1945. 

The more common abbreviations used in the text are: cm., centimeter(s) ; ec., cubic centi- 
meter(s); g., gram(s); mg., milligram(s); y, microgram(s); ml., milliliter(s) ; mp, millimi- 
eron(s) ; C., Centigrade; F., Fahrenheit; lb., pound(s) ; 0z., ounce(s). 

Where configurational structures of chemical compounds are used, drawings suitable for 
reproduction by photoengraving are to be furnished by the author. 

In preparing manuscripts, use of first person should be avoided. 
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The Quick and Simple Way 
to Check Milk Quality by Means of 


| 
| THE RESAZURIN TEST lh ll 


Sterile dry capped 3 dram vials, containing the correct 
amount of dry dye, ready to receive the sample of milk. 


$6.00 per gross f. o. b. 
Pullman, Washington 


A resazurin color comparator with four colors contained in 
walnut case for use with above vials ........... $8.00 


This makes a SAVING for you in 
TIME and MONEY 


Department of Dairy Husbandry 
State College of Washington 


Pullman 
Washington 
U.S.A. 


For Top Quality Dairy Products 


BREEDER’S EQUIPMENT CO. 


Supplies for Artificial Insemination of Animals 


FLOURTOWN, PA. 


NEW INSTRUMENTS NOW 
AVAILABLE 


(R-50) Molded rubber artificial 
Vagina casing. Four colors— 
Black, Red, White, Tan. 


(G-1) Annealed glass inseminating 
tubes with improved bullet-nose 
tip. 


(G-11-20) Large size tube carrier, 
Pyrex Brand glass barrel. 


For complete specifications send for 
illustrated catalog No. 102. 


CHR. HANSEN'S LABORATORY, INC. 
MILWAUKEE 14. WISCONSIN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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BACK COPIES 
of 


The Association has available back copies of the Journal of 
Dairy Science. If you need back copies, please write and 


inquire as to whether the particular one that you need is 


available. In some cases we have only a few volumes and 


we do not sell them unless the complete set of volumes is 


purchased. In many cases we have six or eight volumes 


complete with 50 or 100 copies available of certain numbers 


such as the November or December issue. 


The cost of the first sixteen volumes if available is $5.00 
each. The cost of Volumes 17 to the last year is $6.00 
each. Individual numbers when available are $1.00 each. 


If you are interested in procuring back copies please write 


to the Sec’y-Treas., American Dairy Science Assn., c/o Ohio 
State University, Columbus 10, Ohio. Make all checks 
payable to the 


AMERICAN DAIRY SCIENCE ASSOCIATION 
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Here’s how the new B-K «PR plan 
help you 


The B-K PR PLAN stands for better patron relations between 
farmer and dairy plant. As the basis for this, a complete program 
has been set up by the makers of B-K to help the farmer 
produce top quality milk through a definite and efficient 

dairy sanitation program. 

This B-K PR PLAN offers the dairy farmer. . . through his 
fieldman . . . informative films, recordings, literature and other 
educational material . . . that directs the farmer’s attention 

to the need for positive dairy sanitation. 


You can depend on the authenticity and accuracy of the material 
used in this B-K PR PLAN, for it has been carefully prepared 

by the makers of B-K Products—the backbone of many quality 
milk programs. Find out more about the B-K PR PLAN and how 
you can play a part... we'll send full details on request. ¥ \ 
Write: Dept. PR, B-K Division, Pennsylvania Salt Manufacturing 

Company, 1000 Widener Building, Philadelphia 7, Pa. " 


[PENN 


dairy chemicals 


The Name to Remember 


in the 


SANITARY PACKAGING 


and 


PASTEURIZING 


of 
DAIRY PRODUCTS 


Pure-Pak Division, 
Ex-Cell-O Corporation 
Detroit 32, Mich. 


RENNET and COLOR 


Strong, clean Rennet is important 
in the making and curing of 
cheese. Use Marschall Rennet . 
generously for maximum results. 


MARSCHALL 


DAIRY LABORATORY, INC. 
MADISON 3, WISCONSIN 


Your advertisement is being read in every State and in 25 Foreign Countries 


| Wan 
| 
| 
| 
| 
| 
| 
| 
| 


ANEW WIZARD COIL VAT 


STAINLESS STEEL 


For Processing Milk, Cream or Mix 


For more than a generation, the CP Wizard Coil Vat has 
been recognized as one of the Industry's most versatile and 
efficient machines for heating and cooling. 

Now CP offers the famous Wizard with new STAINLESS 
STEEL COIL as well as stainless steel body, and the time 
proven CP Sanitary Seals. Modern, efficient, and sanitary, 
the new CP Wizard is worth your consideration for many 
products and processes. Why not check now! 


DAIRY & FOOD 


General and Export Offices: 1243 W. Washington Bivd., Chicago 7, Illinois : shan 


Atfente + Boston Buffele + Chicege Delles + Denver Heuston Kenses City, Me. Los Angelese SUPPLIES. 
Minneepolis Neshville 


New York Omahe Philedeiphie Pertiend, Ore. St. Levise 

Selt Lake City + Sen Francisco Seattle Telede, Ohie Wateries, fe. F 

CREAMERY PACKAGE MEG. CO. OF CANADA, LTD. THE CREAMERY PACKAGE MEG. COMPANY, LTD. REFRIGERATION 
267 King St., West, Teronte 2, Ontarie Avery House, Green, Londen, Engiend 


Your advertisement is being read in every State and in 25 Foreign Countries 
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CULTURE MEDIA 
for Examination of Milk 


Bacto-TrRYPTONE GLUCOSE ExTRACT AGAR 


is recommended for use in determining the total bacterial plate count 
of milk in accordance with the procedures of ‘‘Standard Methods for 
the Examination of Dairy Products’’ of the American Public Health 
Association. 


Upon plates of medium prepared from Bacto-Tryptone Glucose 
Extract Agar colonies of the bacteria occurring in milk are larger and 
more representative than those on media previously used for milk 
counts. 


Bacto-PROTEOSE TRYPTONE AGAR 


is recommended for use in determining the bacterial plate count of 
Certified Milk. The formula for this medium corresponds with that 
suggested in ‘‘Methods and Standards of Certified Milk’’ of the 
American Association of Medical Milk Commissions. 


Bacto-VI0Let Rep BILE AGAR 


is widely used for direct plate counts of coliform bacteria. Upon 
plates of this medium accurate counts of these organisms are readily 
obtained. 


Bacto-BRILLIANT GREEN BILE 2% 


Bacto-ForMATE RICINOLEATE BrotH 


are very useful liquid media for detection of coliform bacteria in milk. 
Use of these media is approved in ‘‘Standard Methods.’’ 


Specify “DIFCO” 
THE TRADE NAME OF THE PIONEERS 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media. 


DiFco LABORATORIES 


DETROIT 1, MICHIGAN 


Your advertisement is being read in every State and in 25 Foreign Countries 
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